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P (54) Title: PROPYLENE POLYMERS FOR FILMS

7

W) (57) Abstract: This invention relates generally to crystalline propylene polymers, to methods for their production and to methods
for their use in film applications. Specifically, this invention relates to crystalline propylene polymers comprising both propylene
homopolymer and propylene copolymer. The compositions are prepared using metallocene catalyst systems comprising at least two

<X metallocenes in a polymerization process that involves the sequential or parallel polymerization of propylene homopolymer and
copolymer using propylene with a small amount of comonomer, preferably ethylene. The polymerization is catalyzed by a dual
metalloCene catalyst system. The resulting polymers have a broad, bimodal molecular weight distribution. The resulting polymers
are excellent for use in the production of biaxially oriented films or non-oriented films. Films prepared with these propylene polymers

B have a significantly broader processability range and can be evenly stretched at lower temperature compared to films prepared from
traditional propylene polymer.
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’FIELD OF THE INVENTION
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R TR

TITL._EI: . PROPYLENE POLYMERS FOR FILMS

Tl’)lS mventron relates generally to, propylene polymers, to methods for

their productron and to methods for ‘their ‘use in oriented and non-orlented film -
appliceitions More. pamcularly, the present mventron relates to a, two- -stage | _
polymerlzatlon process used tq make tallored crystalllmty resins and random,'.,_ Pt

copolymers of propylene and ethylene usmg a dual metallocene catalyst system . o

BACKGROUND

Polypropy]ene ﬁlms are widely used in tape applications and in packaging

applicatrons such as food packaging. .The optimization of processing,

characterlstics and film properties of propylene based films has been the subject of ‘I

intense effort. U.S. 5,118, 566 for example descrlbes a biaxially onented film -

made from polypropylene a natural or, synthetlc resin, and a nucleatmg agent.
The process for producmg thls film includes b1ax1ally drawing the frlm at
temperatures below the melting point of the polypropylene

Critical to the rheological properties of the film is the starting propylene
polymer. For instance, as discussed by A K. Mehta et al. in 2 METALLOCENE-

BASED POLYOLEFINS 463-488 (J. ‘Scheirs & W. Kammsky eds., John Wiley &

Sons 2000), properties such as the molecular weight distribution (MWD),
composition distribution (CD), tacticity, and a-olefin incorporation are important
in final film performance. Attempts to achieve these optrimél properties have been
made with polymerization: processes catalyzed by vconventiona] Ziegler-Natta
(ZN) catalysts as well as single metallocene catalysts. While metallocene

catalyzed propylene polymer is known, single metallocene, single stage

~ production processes are often inadequate to achieve the range of desired

properties for films. To achieve ideal performance, polypropylene production

methods must be tailored to meet the desired characteristics. One such production

method that can tailor the resultant polypropylene polymer is a multi-stage

BNSDOCID: <WO__02070572A2_1_>
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_metallocene process, where the a-olefin incorporation can take place in one or

imore stages during the propylene polymerization.
Multiple stage polymerization processe's'are known in the art as is the use

of multiple metallocenes. However, multiple stage polymerization processes are

K typxcally used to -prepare block copolymers which contain rubbery materials as

| 0pposed to the crystalline polymers. U.S. 5 ,280,074; 5,322,902, 5,346,925, and

WO98/ 10016 for example, describe two-stage processes for producing propylene

block copolymers.  The propylene/ethylene copolymer portion of these

' composmons is a non-crystalline, rubbery- ‘material suxtable Jfor molding

appllcatxons rather than films. U.S. 5,708,090 discuses a two stage process for
making polypropylene based materials for high impact molding applications. EP
0 704 463 discloses a two stage process using metallocenes that produce polymer

suitable for low 1mpact resistance appllcatlons havmg a relatnvely hlgh_

. _comonomer content.

Ziegler-Natta based propylene polymers and copolymers have been used
to ‘make films as described in U.S. 5,298,561. U.S. 5, 350,817 and Canadian
Patent Application No. 2,133,181 ‘describe t‘he‘use of two or more metallocenes
for the preparation of isotactic propylene polymers, however, neither reference
describes a multiple stage process for the production'of crystalline polymers such

as those described herein.

There is a need to prodnce propylene homopolymer and copolymer films
having a combination of desirable attributes that is not achieved in the prior art. A
film is needed that combines the attributes of high melt strength at low shear rate
while improving shear thinning at high shear rate. A film should also have a
broad processing window during fabrication and a favorable balance of film

properties not yet achieved in the art.
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SUMMARY ' L
' The present invention is dlrected towards such a film, and the propylene

polymers used to make such ‘a ﬁlm wherem the polymer resultmg from the

‘method of the mvention has a broadened molecular weight distribution in at least .

the second stage'of the process while mamtammg a high degree of crystalhmty

The mventors of the present, mventron have found that the propertles of

propylene polymers can be tailored by formmg elther a tailored crystallmity resin, . |

or a random copolymer A "tailored crystallinity resin” (TCR) is a polymer made

by polymerizing propylene in one stage and then further polymenzmg propylene
and a minor .amount of comonomer in. a separate stage using a metallocene .
catalyst system comprlsmg at least two metallocenes in each of. the stages A
random copolymer (RCP), as used here, is a crystallme propylene composrtion

made by polymerizing propylene and a mmor amount of comonomer in a srngle

stage or multiple stage process usmg a metallocene catalyst system comprlsmg at

least two metallocenes in each of the stages wherein the comonomer 1S,
mcorporated into all stages of the polymenzanon The resulting polymers of this'
invention have surprisingly high molecular weights and broad molecular weight
distributions and offer processabil‘ity benefits in oriented and non-oriented film
applications. Films made from these unique polymers have a sxgmﬁcantly broader
processabillty range and can be evenly stretched at lower temperatures compared
to the polypropylene films available today. The resulting films have a favorable
balance of properties mcludmg high strength good optical properties and good

barrier properties.

Specifically, the inventors have found that the incorporation of less than or
equal to 1 wt% ethylene comonomer in one embodiment, and from 1 to 5 wt%
ethylene comonomer in another embodiment, during the polymerization process
as described herein results in a substantial broadening of the molecular weight
distribution at the high molecular weight end as evidenced by the relatively large
value in the molecular weights, and Mz values. This is unexpected since with

both the individual metallocenes used alone the molecular weight drops with
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ethylene addition.” The molecular welght broadenmg improves the rheological

properties of the frlm as descnbed herem S

- The obJects of the mventlon are.. achreved by provrdmg a prbpylene '

homopolymer and copolymer havmg a broad molecular weight distribution, whrle

_mamtammg a htgh level of crystallrmty " This 'is achieved by providing in one

embodnment a TCR propylene polymer compnsmg (a) from 10 t0- 90 wi% -

homopolymenzed crystalline propylene umts and (b) from 90 to. 10 wt%;.; RV

crystalline propylene copolymer wherem the wt% of the comonomer based on the

total weight ‘of the polymer 1s in the range of from 0 05 to 15 wherein each
polymer is prepared in a separate stage utrlrzmg 1n each stage a metallocene‘.
catalyst system comprrsmg two metallocene catalyst components and ‘wherein the
polymer has a molecular weight drsmbutron (MwIMn) in the range of from 2.1 to ,
10. In another embodiment, the ob_]ectwes are achleved by provrdmg an RCP
crystalline propylene copolymer,, wherem the wt% of the comonomer based on the
total welght of the polymer is in the range from about 0.05 to about 15 wherem
the RCP is prepared in a smgle stage or muluple stage unhzmg in each stage a
metallocene catalyst system comprrsrng two metallocene catalyst components, and
wherein the RCP has a molecular weight distribution (Mw/Mn) in the range from

about 2.1 to about 10.
DESCRIPTION OF DRAWINGS |
Figure 1 is a GPC Molecular Weight Distribution plot of Samples 1, 2A,

2B, 3,4, and 5;

Figure 2 is a GPC Molecular Weight Distribution plot of Samples 2A and

Figure 3 is a DSC Melting Distribution plot of Samples 2A, 4, and 6;

Figures 4A and 4B are Processing Window During Biaxial Stretching plots
of Samples 2A, 4, and 6;

BNSDOCID <WO__02070572A2_1_>
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Figure 5 is a Processability plot of Samples 2A and 9;

-

Figure 6 is a GPC Molecular Weight Distribution plot of Samples 10-18;

5, .
. Figure 7 is a GPC Molecular Weight Distribution of Sample 10 Reactor .
' Discharged Polymers; ’ '
‘"7 " Figure 8 is a Composition Distribution for Samples 10, 11, 13, 15, 17 and
L1 0 18;
. ]
' |
Figure 9 is a Molecular Weight Distribution of Sample 10 and its
‘Fractions; and; ' '
15 Figure 10 is a plot of Shear Viscosity versus Shear Rate of Samples 11, 13
and 17.
DETAILED DESCRIPTION

This invention relates to (1) crystalline propylene polymers, and methods
20 of making the polymers, and (2) oriented and non-oriented films made from the
crystalline propyiene polymers and methods of making these films. These are

described in turn below.

As used herein “crystalline” is defined as having identifiable peak melting
25 points above about 100°C as determined by Differential Scanning Calorimetry

(DSC peak melting temperatures).

As used herein, “isotactic” is defined as having at least 40% isotactic
pentads according to analysis by 13C-NMR. As used herein, “highly isotactic” is

30 defined as having at least 60% isotactic pentads according to analysis by 13¢c.
NMR.
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As used herein, “molecular weight” 'means weight average molecular
wenght (Mw) and “molecular welght dlStl’lbUthl’l, (MWD), means Mw d1v1ded by>
"number average molecular wexght (Mn). The "Mz" value is the high average

s’ molecular weight value, calculated as dlscussed by A.R. Cooper in CONCISE
"'ENCYCLOPEDIA OF POLYMER SCIENCE AND ENG]NEERJNG 638-39 (J.1. Kroschwitz,
" ed: John Wiley & Sons 1990). |
As used herein, ‘the new numbering éoheme for the Periodic Table of |
o 10 Elements Groups are used as in HAWLEY'S CONDENSED CHEMICAL.D!CTIONA‘RY
| 852 (John Wiley & Sons, 13th ed. 1997). - |
L L ~ As used herein, unless - differentiated, "polymerization" includes
' copolymerization and térpolymenzatlon, monomer" includes comonomer and ,

15 . termonomer, and “polymer” includes copolymer and terpolymer.

Methods for Making Crystalline Propylene Polymers
The methods of this invention mvolve the use of metallocene catalyst
systems that comprise at least two metallocenes and an activator. Desnrably, these

20 catalyst system components are supported on a support material.

Metallocenes
As used herein “metallocene” refers generally to compoundsv represented
by the formula CpmMRnXq wherein Cp is a cyclopentadienyl ring which may be
25 subslltuted,_or derivative thereof which may be substituted, M is a Group 4,5, 0r6
transition- metal, for example titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum and tungsten, R is a hydrocarbyl group or
hydrocarboxy group having from one to 20 carbon atoms, X is a halogen, and
m=1-3, n=0-3, q=0-3, and the sum of m+n+q is equal to the oxidation state of the

30 transition metal.
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~Method§ for making andv usiﬁg métailocen'es are very well known in, the

art. For example, metallocenes are detalled in U.S. 4,530, 914; 4,542,199;

4769910 4,808,561; 4,871 705 4933 ,403; 4937 299 5,017,714, 5026798 ',
5 057 475 5 120 867 5,278, 119 5 304, 614 3 324 800; 5,350,723, 6,143, 686 and -

s 5391790, o
'Preferred metallocenes are r'epre'se'n’t_ed' by the formula:

' ~ (R10)

10 wherein M is a metal of Group 4, S, or 6 of the Periodic Table preferably,

zirconium, hafnium and titanium, most preferably zirconium;

R and R2 are identical or different, preferably identical, and are oﬁe of a

hydrogen atom, a C1-Cj9 alky! group, preferably a C1-C3 alkyl group, a C]'CIO

15 alkoxy group, preferably a C1-C3 alkoxy group; a Cg-C1q aryl group, preferably
a Cg-Cg aryl group, a C6¥C]Q' aryloxy group, preferabiy a Cg-Cg aryloxy group, a
C2-Cjo alkenyl group, preferably a C2-C4 alkenyl group, a C7-Cqq. arylalkyl
~group, preferably a C7-Cq arylalkyl group, a C7-C4¢ alkylaryl group, preferably

a C7-C12 alkylaryl group, a Cg-C4¢ arylalkenyl group, preferably a Cg-Cyo

20 arylalkenyl group, or a halogen atom, preferably chlorine;

BNSDOCID: <WO__02070572A2_I_>
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R3 ‘and R4 'are Ahydroge'n atoms;-
, R3 and R6 are 1dentrcal or drfferent preferably identical, a're‘one. of a
halogen atom, preferably a ﬂuorme ch]orme or bromme atom a C]—Clo alkyl
5  group, preferably a C1-C4 alky! group, whlch may be halogenated a CgCyroaryl
group; which may be ha]ogenated,‘ preferably a Cg-Cg aryl group, a C2~C10

alkenyl group, preferably a Cp- C4 alkenyl group, a C7-C40 -arylalkyl group, o

preferably a C7-C10 arylalkyl group, a C7 -C4 alkylaryl group, preferably a C7- o
: ]

Ci2 alkylaryl group, a Cg-C40 arylalkenyl group preferably " a Cg-C12
10 arylalkenyl group, -NR215 ,—SR1 3, —OR15 -OSrR'_z,1 5 or -PRzl 5 radical,'-
herem R15 is one of a halogen atom, preferab]y a chlorme atom, a Cl'CIO alkyl "

group, preferably a C1-C3 alkyl group, ora. C6-C10 aryl group, preferably a C6~ o

Cg aryl group;
15 - R7 is .
| R g1 R RM
o | 1 -
- ———Tl? —_ . — N2 — M2 M2 (CR213)—
R12 | L12 - ;Liz‘ - Ri12
R11 . R11 R11
\ I \
—'-O——'rz —0—+ —C—  —O0— M2 —
r12 | ,L12 R12

BRI, -AlR!)-, -Ge-, -Sn-, -0-, -S-, -SO-, -soz- NER!})-, -CO-, PRI,

or -P(O)R11)-;

BNSDOCID <WO__02070572A2_1._>
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o ‘wherein R11, R12 and’ R13 are identical or different and are a hydrogen atom; a

halogen atom, a C1-Cyq alkyl group, preferably a C1-C10 alkyl group, a C1-C20

ﬂuoroalkyl group, preferably a C)-Cyo ﬂuoroalkyl group, a Cg- C30 ary] group,

: preferably a Cg-Coq aryl group, a C6 C30 ﬂuoroaryl group, preferab]y a C6 Cao

s ﬂuoroaryl group, a C1-Cpg alkoxy group, preferably a C1-Cq alkoxy group, a

C2 -Cyo alkenyl group, preferably a C,- C10 alkenyl group, a C7-C40 arylalkyl

| group, preferably a C7 -Cpq arylalkyl- group, a Cg-Cyq0 arylalkeny! group,

' “\.‘ - "2 preferably a Cg- C22 arylalkenyl group, a C7-C4q alkylaryl group, preferably a
v ' _I ) . - C7-Cyp alkylaryl group or R1! and R12 or R_1 1 and R13, together with the atoms ..

‘10 bi'nding therrlx, car) form ring systems; . o

o T M2 js silicon, germamum or tin, preferably silicon or germamum most

~ preferably silicon;

s R8 and R are identical or different and have the meanings stated for R11;

m and n are identical or different and are zero, 1 or 2, preferably zero or 1,

m plus n being zero, 1 or 2, preferably zero or 1; and

20 the radicals R10 are 1dent1cal or different and have the meanings stated for

RI11 R12 and RI3. Two adjacent R10 radicals can be joined together to form a

ring system, preferably a ring system _containing from 4-6 carbon atoms '
Alkyl refers to straight or branched chain substxtuents Halogen

25 (halogenated) refers to fluorine, chlorme bromine or iodine atoms preferably

fluorine or chlorine.
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~ Patticularly desirable "m:et,alloeenes are"compounds of the structures (1)
and (2): . . RTENT '

5 wherein Ml is Zr or Hf, R} 'émd R2 are }ne;hyl or chlorine, and RO, R6_R8‘,

*RI,R10, RU and R12 have the abovefrrientioned meanings.

These chxral metallocenes may be used as a racemate mixture for the
preparatxon of hlghly isotactic polypropylene copolymers It is also possible to
10 use the pure R or S form. An optlcally active polymer can be prepared with these
pure Stereoisomeric forms. Preferably, the meso form of the metallocene is
removed to ensure the center (i.e., the metal “atom) provides stereoregular ; '
polymenzanon Separation of the stereoxsomers can be accomplished by known :

literature techniques. For special products it is also possible to use rac/meso

15 . mixtures.

" Generally, these metallocenes are prepared by a multi-step process
involving repeated deprotonanons/metallatxons of the aromatic hgands and
introduction of the bridge and the central atom by their halogen derivatives.

20 ~ While not meaning to be bound by the following scheme, the reaction scheme

below illustrates this generic approach:
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R Hj}_RC-t—Butyl_Li =7~ ~=) HRCLi .
o x-(CR8R9)m-R7-(CR8R9)n-X_ ,
. ' : - T TTT e :_>
"HpRA+ButylLi — ——-——— > HRILi |
5
HRC-(CR8R9)-R7-(CR8RY), -RdH  2ButylLi .
CE e >
' ‘ LiRC-(CR8R9);,)-R7-(CR8RY), -RALj o Mlcy |
. I v . :
e )

" (RBRIC)y, — R

L < Rt
o i Nl | | N
(R8ROC), — Rd | (R8RSC), — Rd

| (R8ROC)y, — ¢
20 | ! 2
R7. M
|
(R8ROC),, — Rd
HoRC,
X = CI, Br, l or O-tosy!:; : 2

HoRd

Additional methods for preparing metallocenes are fully described in the

15 288 J. Organometallic Chem. 63-67 (1985), and in EP-A- 320762.
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' Tllustrative but non-limiting examples of preferred metallocenes include

the following:

- _Dirheti)y]silandiylbis (2-methy1-4-pheny]—l -indényl) zirconium dichloride’
‘Dimethylsilandiylbis(Z-methyl-tt,S-benzoindeny() zirconium dichloride; - .

Dimethylsilandiylbis(2-methyl—4,6-diisopropyliridenyl) zirconium dichloride;

N bimethylsilandiylbis(2-ethyl-4-phenyl-] -indenyl) zirconium dichloride;
| Di-met‘hylsilandiylbis (2-methyl—4-napi1thyl-1 -indenyl) zirconium dichloride -
‘ D.iir‘\éthyllsilandiylbis (2-ethyl-4-naj)hthyl;l-indenyl) zirconium dichloride;,
o Phenyl(niethyl)si_landiylbis(Z-methy1-4-phenyl-'l;indenyl) zirconium dichloride,
‘ Dimethylsilandiylbis(2-methyl-4-(1-ﬁaphthyl)-l-indényl) zirconium dichloride; -

Dimethylsillandiylbis(2-mcthyl-4-(2-naphthyl)-1 -i'ndenyf) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-indenyl) zirconium dichloride, v

. Dimethylsilandiylbis(2-methy1-'4,5-diisopropyl-1-indenyl) zirconium dichloride,

Dimethylsilandiylbis(2,4,6-_tr,imethyl-1 -indenyl) zirconium dichloride,

. Phenyl(methyl)silandiylbis(2-methyl-4,6-diisopr0py1-1—indenyl) zirconium

dichloride,

1,2-Ethandiylbis(2-methy]}-4,6-diisopropyl-1 -indenyl) zirconium dichloride,
l,2;Butandiylbis(2-methyl-4,6-diisopro;;yl-1 -indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-metﬁyl-4-ethy]-]-indenjl) zirconium dichloride, |
Dimethylsilandiylbis(}l-methy!-4-isopropyl-1 -indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-4-t-_buiy]-] indeny!) zirconium dichloride, |
Phenyl(methyl)si1andiylbis(2-methyl-4—isopr0py1—1 -indenyl) zirconium dichloride,
Dimelhylsilandiylbis(2-ethyl-4-methyl-1-indenyl) zirconium dichloride, '
Dimethyls’ilandiylbis(2,"4—dimethyl-l'-indenyl) zirconium dichloride,
Dimethylsilandiylbis(Z-methyl-4—ethy1-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-a-acenaphthy]-'1 -indenyl) zirconium dichloride,
Phenyl(methyl)silandiylbis(2-inethyl-4,5-benzo-1 -indenyl) zirconium dichloride,
Phenyl(methyl)si]andiylbis(2-methy]-4,5—(methylbenzo)-1 -indenyl) . zirconium
dichloride, ' '
Phenyl(methyl)silandiylbis(?.-methyl-4,5-(tetramethylbenzo)-1 -indenyl) zirconium
dichlornde,
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. Phenyl(methyl)sﬂandxylbls (2 methy]-a acenaphthyl 1- mdenyl) zi'rcdnium
dichloride, , ' ' |
1,2- Ethandlylbls(Z -methyl-4,5- benzo-] mdenyl) zircortium dichloride, |
1,2- Butandlylbls(z -methyl-4,5- bcnzo-l-mdenyl) Zxrcomum dlchlonde ‘

5 Dlmethy151]and1ylbxs(2 -methyl-4,5- benzo 1- mdenyl) zirconium dlchlorlde
1,2-Ethandiylbis(2,4,7- trlmcthyl l-mdeny]) zirconium dlchlonde
Dlmethylsxlandxylbls(2-methyl ]-mdcnyl) znrcomum dichloride,

1,2- -Ethandiylbis(2-methyl-1- mdenyl) znrcomum dxchlorlde
Phenyl(methy])SJland1y]b1s(2 methyl l-mdenyl) zlrcomum dlchlorlde

10 Dlphenylsﬂandxylbls(2-methyl 1- mdenyl) zxrcomum dlchlonde '
1,2- Butapdlylbls(z-methyl 1-indenyl) zlrcompm dl_chlonde,
Dirﬂethylsilandiylbis(Z -ethyl- l-indenyl) ‘zirc‘oni'u'm dfdhlorlde, ,
Dxmethylsﬂandlylbls(2-methyl 5- 1sobutyl 1- mdenyl) zirconium dlchlonde »
Phenyl(methyl)sﬂandly]bls(2 methyl 5- 1sobutyl l-mdenyl) zirconium dlchlonde,

15 Dxmethy151landly]bls(2-methyl 5-t -butyl-1- mdenyl) zirconium dlchlonde, -
Dxmethylsnlandlylbls(2 5,6- tnmethyl ]-mdenyl) znrcomum dichloride,
Dimethylsilandiylbis (2-methyl-4-ph¢nyl_ 1- _mde.nyl) zirconium dlmethyl,
Dlmethy151]andlylbls(2-methyl 4,5- l;enzoihden);l) zirconium dimethyl
Dlmethylsﬂandlylbls(Z -methyl-4,6- dusopropylmdeny]) zirconium dlmethyl

20 Dimethylsilandiylbis(2- -ethyl-4-phenyl- 1-indenyl) zirconium dimethyl;
Dimethylsilandiylbis (2-methyl-4—naphthyl-l-indenyl) zirconium dimethyl
Dimethylsilandiylbis (2-ethyl-4-naphthyl-l4indeny_l) zirconium dimethyl,
Phenyl(methy])silandiylbis(2-methy]-4-phenyl- l-indenyl) zirconium dimethy],
Dimethy]silandiylbis(Z-methyl -4-(1-naphthyl)-1-indenyl) zirconium dimethyl,

25 Dlmethylsﬂandlylb1s(2-methyl 4-(2-naphthyl)-1- -indenyl) ‘zirconjum dimethyl,
Dxmethylsﬂandlylbls(Z-methyl -indenyl) zirconium dimethyl,
Dxmethy]sﬂand1ylb15(2-methyl-4 S-diisopropyl- 1 -indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2,4 ,6-trimethyl-1-indenyl) zxrcomum dimethyl,

. Phenyl(methyl)sxland1y1b1s(2-methyl-4,6-diisopropyl-1 -indenyl) zirconium

30 dimethyl, -

1,2-Ethandiy]bis(2-methyl-4,6-diisopropyl-1 -indenyl) zirconium dimethyl,
1 ,2-Butandiylbis(2-methyl-4,6-diisopropy1- l-indenyl) zirconium dimethyl,
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.Dxmethy151land1ylbxs(2 -methyl- 4-ethyl -1 mdenyl) Zirconium dnmethyl
D1methy151landly]bls(2-methyl 4 1sopropyl 1~mc\enyl) 21rcon1um dimethyl,
Dlmethylsﬂandlylbls(2 methyl 4-t-butyl l-mdenyl) zncomum dlmethyl
‘Phenyl(methyl)snlandlylbls(2-methyl -4- 1sopropyl 1 mdenyl) 21rcomum dimhethyl,
5 Dnmethylsxlandlylbls(2-ethyl 4—methy] B -indenyl) zirconium dxmethyl,.
D1methylsn]and1ylbls(2 4- dlmethyl -1- mdenyl) zirconium dimethyl,
Dlmethylsnlandxylbls@ -methyl- -4-ethyl- l-mdeny]) 21rcomum dimethyl, ,
Dxmethyls:landlylbxs(Z -methyl- a-acenaphthyl 14mdenyl) zirconium dimethyl,
Phenyl(met’hyl)snlandxylbls(z methyl -4;5-benzo-1- indenyl) zirconium dlmethyl,‘

10 Phenyl(methyl)sﬂand1ylb15(2 methyl -4,5- (methylbenzo) -1-indenyl) zifconium

‘ dimethyl, ' S c - '
Phenyl(methyl)sﬂandlylbns(Z methyl-4 5- (tetramethylbenzo)-l mdenyl)
zirconium dimethyl, o e
Phenyl(methyl)sﬂand1y]bis- (}methyl-a—acenaphthyl-1 -indeny!) zirconium ;

15 dimethyl, ' o o . -
1,2 Ethandlylbls(2 methyl-4 5- benzo 1- mdenyl) znrcomum dlmethyl
1 2-Butand1ylbls(2 -methyl-4, 5-benzo- l-mdenyl) zirconium dlmethyl
D1methylsnland1ylbls(2 methyl -4,5-benzo-1 -indenyl) zirconium dlmethyl
1,2- Ethandlylbls(?. 4 ,7-trimethyl-1 -indenyl) zirconium dimethyl,

26 Dimethylsilandiylbis(2-methyl- -1-indenyl) zircohium  dimethyl,

' 1,2- Ethandlylbls(2 -methyl- 1-mdenyl) zirconium dimethyl,
Phenyl(methyl)sﬂandlylbls(2-methy1 1- mdenyl) zirconium dimethyl,
Dipheny]silandiylbis(2-methyl-] -indenyl) zirconium dimethyl,
1,2-Butandiylbis(2-methyl-1- -indenyl) zirconiurﬁ dimethyl,

25 Dimethylsilandiylbis(2-ethyl-1- -indenyl) zirconium dimethyl,
Dlmethylsnlandlylbls(2-methyl -5-isobutyl-1-indenyl) zirconium dimethyl,
Phenyl(methyl)silandiylbxs(2-methyl-5-1sobutyl-1 -indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-5 -t-butyl-1-indenyl) zirconium dimethyl

Dimethylsilandiylbis(2,5,6- trimethyl-1-indenyl) zirconium dimethyl, and the like.
30
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. . These preferred metallocene catalyst components are described in detar] in
L. US. 6,143,686, 5,145819; 5.243 001; 5,239,022; 5,329,033; 5,296 434; and
- 5 276 208; and 5,374,752; and EP 549 900 and 576 970,

' 5. The metallocenes preferably selected for use in this invention are two or |
“ . more different metallocenes Wthh when used alone, produce isotactic, crystalline
' propylene polymer and when used in combination, produce polymer havmg the
'attrlbutes desired for the particular film applrcatron of interest. +Particularly
' SR o desirable. metallocenes are those selected from formulas 1 and/or 2 which when
' ',10. ' - used alone to produce propylene homopolymer are capable of producmg an"
isotactic polymer having a weight average molecular weight of from about 25,000
t0 about 1,500,000 at commercrally attractive temperatures of from about 50°C to
' about 120°C. Preferably, two or more metallocenes are selected which produce
: polymers having different molecular weights. This results in a broader molecular

15 weight distribution of the polymer

The metallocenes used may show different molecular weight responses

when in the presence of comonomer as will be described later in the Examples.

This will also affect the molecular werght distribution of the product. For

20 example, we have found that the incorporation of less than or equal to 1 wt%
ethylene comonomer in one embodiment, from 1 to 5§ wt% ethylene comonomer

in another embodiment, during the polymerization process as described herein
results in a substantial broademng of the molecular weight distribution at the high
molecular weight end. This is unexpected since with both the individual

25 metallocenes used, the molecular we;j ight drops with ethylene addition.

Additional broadening of molecu]ar weight distribution may be practiced

through reactor process techniques. For example, operating the different stages of

a multiple stage polymerrzatlon process with varying levels of hydrogen a

30 molecular werght regulator, is known in the art to produce broadening of

molecular weight distribution.

BNSDOCID: <WO_02070572A2_i_>



WO 02070572 o PCT/US02/02379

15

20

25

30

-16- . '

In one embodiment the catalyst system used in the process of this
invention compnses at least two metallocenes. The at least two metallocene is

capable of producing propylene homopolymer at polymerization temperatures of .

“from about 50°C to about 100°C havmg a molecular weight in the range of from

25,000 to 300,000, preferably from 100,000 to 300,000. The other metallocene is

"preferably capable of producmg propylene homopolymer at the same temperature -

that has a molecular weight in the range of ‘from 25,000 to 2, 000,000 in one

‘embodrment 150,000 to 1,500, 000 in another embodiment, and from 300, 000 to

1,000,000 in yet another embodiment. Preferably, each metallocene produces a |,

~ polymer com;ponent having a -molecular werght dxstrrbutron of less than' 3,

preferably Jess than 2.5. -

In one embodiment of the invention the at least two metallocenes are

~ selected from the group. consrstmg rac-:

- Dimethylsxlandrylbrs(2-methylmdenyl) zirconium drchlonde,

Dimethylsilandiylbis (2- -methyl-4-phenyl- 1-indenyl) zirconium dichloride,
Drmethylsrlandrylbrs(2 4-dimethylindenyl) zirconium dichloride,
Dlmethylsrlandrylbrs(Z 5,6- trrmethylmdenyl) zirconium dichloride,
Dimethylsilandiylbis indenyl zirconium drchlonde

Dimethyisilandiylbis(4, 5,6,7 -tetrahydroindenyl) zirconium drchlorrde,
Dimethylsrlandrylbxs(Q-methyl -4,5-benzoindenyl) zirconium dichloride,
Dimethylsilandiylbis (2-methyl-4- phenyl-1- indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2- -methyl-4, 5-benzoindenyl) zirconium drmethyl
Drmethylsrland1ylbxs(2-methyl-4 6-diisopropylindenyl) zirconium dimethyl,
Drmethylsrlandrylbls(Z-ethyl-4 -phenyl- -1-indenyl) zirconium. dimethyl,
Drmethylsrlandrylbrs (2-ethyl-4- naphthyl 1-indenyl) zirconium dimethyl,
Phenyl(methyl)srlandrylbls(2 -methyl-4-phenyl-1- indenyl) zirconium dimethyl,
Drmethylsrlandrylbrs(2-methyl -4-(1-naphthyl)- -1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2—methyl-4-(2-naphthyl)-1 -indenyl) zirconium dimethyl, and
Dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl. ' '
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In .one embodlment at, least one metallocene 1s a 4-pheny]-1 -inden.y]l ,
subsututed metallocene such as drmethylsrlandlylbls (2-methyl~4-phenyl I-
lndenyl) zlrcomum drchlorlde and phenyl(methyl)sxlandlylbls(2-methyl-4-phenyl- . »
- -mdenyl) zirconium drmethyl o Lo ‘ . S . ',‘., : I
The ratio of metalloéenes used in polymenzatron will depend partly on the o ., -
activities ‘of the metallocenes and om the desrred ¢ontribution of each. Thus, for o '. SR
- example, if two metallocenes are used inal:1 ratlo and the activities of each are L
similar, then the polymer product will be expected t0 comprrse 45 55% of L , e
10 - polymer produced by one metallocene and 55 45% of polymer produced by the B | i
‘ other. The breadth of the product’s molecular welght distribution will depend at
least partly. on the difference in molecular wexght capablhty between the"
metallocenes The addition of comonomer and/or. hydrogen in the polymerlzatlon K
process may affect the contrrbutron of each metallocene as described in detajl
15 below. | ' '
Activators . .
Metallocenes are generally used in combmatlon wrth some form of
activator in order to create an active catalyst system. The term “act;vator |
20 defined herem to be any compound or component, or combination of compounds
Or components, capable of enhancmg the ability of one or more metallocenes to
polymerize olefins to polyolefins. Alklyalumoxanes are preferably used as
activators, most preferably methylalumoxane (MAO). Generally, the
alkylalumoxanes preferred for use in olefin polymenzatlon contain from § to 40 of

25 the repeating units:

BNSDOCID: <WO__02070572A2_|_>



WO 02/070572 | o PCT/US02/02379

R

'
+ . ' .
. f
. . : R
. N . ll ] .
' N . ' )
. A . .

. . R ( Al O > AIR, for linear species
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for cyclic species

" where R is a C1-Cg alkyl mcludmg mixed alKyls: Parucularly preferred are the

5 ' compounds in which R 1s methyl. Alumoxane solutions, partlcula:ly
» methylalumoxane solutxons may be obtained from commercial vendors as

solutions having various concentrations. There are- a variéty of methods for ‘
preparing alumoxane, non—hmiting examples of which are described in uU.S.
4,665,208, 4,952,540, 5, 091,352, 5,206,199, 5,204, 419 4,874,734, 4,924,018,

10 4,908,463,4,968,827, 5,308,815, 5 329,032, 5 248,801, 5,235, 081, 5,157,137, and |
5,103,031; and EP-A- 0 561 476, EP-B1-0 279 586, ‘EP-A-0 594-218 and WO
94/10180. (as used herein unless otherwxse stated “solutlon” refers to any mixture

including suspensions.)

15 Some MAO solutions tend to become cloudy and gclatinous over time.. It
may be advantageous to clarify such solutions prior to use. A number of methods
are used to create gel-free MAO solutions or to remove gels from the solutions.
Gelled solutions are often simply filtered or decanted to separate the gels from the
clear MAO. U.S. 5,157, 137 for example, discloses a process for forming clear,

20  gel-free soluuons of alkylalumoxane by treating a solution of alkylalumoxane

with an anhydrous salt and/or hydride of an alkali or alkaline earth metal.
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Iomzmg actlvators may also be used to . actlvate metallocenes, These
actrvators are neutral or ionic, or are compounds such as tri(n- butyl)ammomum
.tetrakrs(pentaﬂurophenyl)boron whrch ionize the neutral metallocene compound.. . - "‘," ’
Such’ 1omzmg compounds may contam an acuve proton, ‘or some other catron , o
5 assocrated with but not coordmated or' only loosely coordinated to the remaining _' ."
| ion of the i 1omzmg compound COmbmatxons of activators may also be used, for o o
example alumoxane and ionizing actrvators in combinations, see for ‘example, ‘ |
WO 94/07928. The preferred actrvator anion neutral precursors that serve as the: ;- " I
Lewis acid, (LA) are strong Lewis - ‘acids with. non-hydro]yzable hgands at least - DR o ;
10 - one of which is electron-wrthdrawmg, such as those Lewis acids known to R ‘ ’
v abstract .an amomc fragment from drmethyl zrrconocene (brsCyclopentadxenyl
zirconium drmethyl) e.g., tris perﬂuorophenyl boron tris perﬂuoronaphthylboron
tris perﬂuoro bipheny! boron. In one embodlment,, these precursors do not possess -
any reactive ligands which can be protonated by the hydroxyl groups of the metal '
15 oxide (the silanol group proton) For example, any Group 13 element based .
Lewis acrds having only alkyl, halo alkoxy, and/or amido llgands whrch are
readily hydrolyzed in aqueous meqdia, are not surtab]e At least one hgand of LA
must be suffi cxently electron- -withdrawing to achieve the needed acidity, 'for
example trisperfluorophenyl boron, under typrcal reaction condmons . : .
Typrcal metal/metalloid centers for LA will include boron,. alummum : !
antimony, arsenic, phosphorous’ and gallium. Most preferably LA is a neutral |

compound comprising a Group 13 metalloid center with a complement of hgands '

together sufficiently electron- wrthdrawmg such that the Lewis acidity is greater :
25 than or-equal to that of AICI;. Examples include trrsperﬂuorophenylboron
tris(3,5- d1(tr1ﬂuoromethyl)phenyl)boron . ' : tris(di-t-
butylmethylsrly])perﬂuorophenylboron and other highly fluorinated trisarylboron |
compounds. Other suitable activators are disclosed by Chen and Marks 100
Chemical Reviews 1392-1434 (2000); Yang et al., 116 J. Am. Chem. Soc. 10015-
30 10031 (1994); Yang etal, 113 J Am. Chem. Soc. 3623-3625 (1991); Chien et al. -
113 J. Am. Chem. Soc. 8570-8571 (1991); Bochmann et al. 12 Organometallics
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633~640 (1999) Herfert et al 14 Makromol Chem., Rapid Commun. 91-96
(1993); and in EP 0 704 463 and EP 0 513 380.

. . . o
| . . ' ,‘r

_ Descnptrons of ionic catalysts for coordmatton polymerization comprised -
5 of metallocene catrons actrvated by non-coordmatmg anions appear in the"' early
work in EP-A-0 277 003, EP-A 0277004 and US:. 5, 198 401 and WO-A- -

92/00333 These teach a preferred rnethod of preparatron wherein metallocenes .

(bist and" monon) are protonated by an amon precursor’ such that anf.1 oo

alkyl/hydrtde group is abstracted from a transition metal to make it both catromc '

10 - and charge-balanced by the non-coordmatmg amon
The term "noncoordmatmg -anion” means an anion whrch’eitherldoesvnot
coordinate to said cation of which is only weakly coordinated to said' cation,
thereby remammg sufﬁcrently labrle to be: drsplaced by a neutral Lewis base:
15 "Compatrble" noncoordmatmg amons are | those which are not- degraded to"
neutraltty when the mrtrally formed complex decomposes Further, the anion will
not transfer an amomc substituent' or fragment, to the cation so as to cause it to'
form a neutral four coordinate metallocene compound and a neutral by-prodnct
from the anion. ‘Noncoordinating anions useful in accordance with tbis invention
20 are tnose which are compatible, stabilize the metallocene cation in the se.nse of

balancmg its jonic charge in a +1 state, yet retam sufficient lability to permrt

displacement by an ethylemcally or acetylemcally unsaturated monomer. during -

polymerization.

25 ~ The use of ionizing jonic compounds not contammg an active proton but
capable of producmg both the active metallocene cation and a noncoordinating
anion is also known. See, EP-A-0 426 637 and EP-A- 0 573 403. An addmonal
method of making the ionic catatysts uses ionizing anion pre-cursors which are

" initially neutral Lewis acids but form the cation and anion upon ionizing reaction

30  with the metallocene compounds, for example the use of trrs(pentaﬂuorophenyl)

boron. See EP- A-0 520 732. lonic catalysts for addition polymerization can also

be prepared by oxidation of the metal centers of transmon metal compounds by
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o ‘amon .pre-cursors comammg metallic oxidizing groups along wnth the anion
| groups see EP-A-0 495 375.

Where the metal hgands mclude halogen moieties (for example bis-

5. cyclopentadieny] zirconium dichloride) which are not capable of ionizing
.abstraction under standard condmons they can be converted via known alkylation -

' reactions ‘with organometallic compounds such as hthmm or aluminum hydrides

‘or alkyls alkylalumoxanes, Grignard reagents, etc See EP-A-0 500 944 and EP-
I A1-0 570 982 for in situ processes descnbmg the reaction of alky! aluminum
L 10 compounds with dihalo-substituted metallocene ‘compounds prlor to or with.the )

. addition of activating anionic compounds.

Support Materials ‘
| The catalyst systems used in the process of this invention are preferably
15 supported using a porous particulate material, such as for example, talc, inorganic
oxides, inorganic chlorides and resinous materials such as polyolefin or polymeric

compounds.

, The most preferred Support materials are porous inorganic oxide materials,
20 which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13
or 14 metal oxides. Silica, alumina, silica- alumina, and mixtures thereof are
particularly preferred. Other inorganic oxides that may be employed either alone
or in combination with the silica, alumina or silica-alumina are magnesia, titania,.
zirconia, and the like.
25

In one embodiment the Support material is porous silica Wthh has a

surface area in the range of from 10 to 700 mz/g, a total pore volume in the range
of from 0.1 t0 4.0 cc/g and an average particle size in the range of from 10 to 500
Hm. Desirably, the surface area is in the range of from 50 to 500 m2/g, the pore
30 volume is in the range of from 0.5 1o 3, 5 cc/g and the average particle size is in the

range of from 20 t0 200 pm. In yet another embodiment, the surface area is in the
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range of from 100 to 400 m2/g, the pere volume is in the range of from 0..8 t0 3.0

eé/g and the average particle size is‘in the rénge of from 30 to 100 pm. .The
avefage pore size of typical porous support matenals is in the range of from 10 to
IOOOA Desirably, a support material is used that has an average pore dlameter of

from 50 to S00A, and from 75 'to 350A in another embodiment. It may be

fdesnrable to dehydrate the stllca at a temperature of from about 100°C to about

The metallocenes, actnvator and support material may be combined in an§ .

number of ways. Suitable support techniques are described in U.S. 4, 808,561 and

4,701,432. Desirably, the metallocenes and actwator are combmed and their

reaction product supported on the porous support materlal as descnbed in U.S.

5,240,894 and WO 94/ 28034, wO 96/00243 and WO 96/00245. Altematwely,
_ the metallocenes may be preactivated separately and then combined with the

" support material either separately or together. If the metallocenes are separately

supported, then preferably, they are dried then combmed as a powder before use

in polymerization.

Regardless of whether the metallocenes and their activator are separately .
precontacted or whether the metaliocenes and act.vator are combined at once, the
total volume of reaction solution applied to porous support is preferably less than-
about 4 times the total pore volume of the porous support, more preferably less
than about 3 times the total pore volume of the porous support and even more |
preferably in the range of from more than about 1 to less than about 2.5 times the
total pore volume of the porous support. Procedures for measuring the total pore
volume of porous support are well known in the art. The preferred method is
described in 1 EXPERIMENTAL METHODS IN CATALYST RESEARCH 67-96
(Academic Press 1968).

Methods of supporting ionic catalysts comprising metallocene cations and
noncoordinating anions are described in WO 91/09882, WO 94/03506, WO
96/04319 and in co-pending U.S. Ser. No. 09/339,128, filed June 24, 1999. The
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methods generally compnse either phy51cal adsorpmon on traditional polymenc or
morgamc ‘supports that have been largely dehydrated and dehydroxylated or using

neutral amon precursors that are sufﬁmently strong ‘Lewis acids to. activate -

-retamed hydroxy groups in snllca contammg morgamc oxide or ﬂuonded—modlﬁed .

supports such that the Lewis acid becomes bound to the support and a hydrogen of
the hydroxy group is available to protonate the metallocene compounds.

(- ! . E o ' . !

“The supported catalyst system may be used dlrectly in polymerlzauon or* P PR

the. catalyst. system may be prepolymenzed using methods well known in the ait.
For details regarding prepolymerlzataon 'see U. S 4 923 ,833 and 4 921 825 EP 0
279 863 and EP 0354 893. )

Polymerlzatmn Processes .
In one embodiment, the polymers of thls invention are generally prepared. ’
ina multlple stage process wherem homopolymerization and copolymerlzatlon are .
conducted separately in parallel or, preferably in series. In one embodlment
propylene is homopolymerlzed and thereaﬁer propylene and comonomer are
copolymenzed in the presence of the initially produced homopolymer using the
above descn,bed metallocene catalyst’ systems. If, however, the copolymer is
prepared first, the subsequently prepared “homopolymer” is likely to contain some

traces of comonomer.

In another embodiment, the polymers of this invention are prepared in a
smgle or multiple stage process wherein copolymerizations are conducted in
parallel or, preferably, in series, or simply in a smgle stage. In one embodiment,
propylene and comonomer are copolymerized using the above described

metallocene catalyst systems.

Individually, each stage may involve any process including gas, slurry or
solution phase or high pressure autoclave processes. In one embodiment, a slurry

(bulk llquld propylene) polymerlzatlon process is used in each stage.
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Aslurry polymerization, process generally uses pressures in the range of ‘

from about 1 to about 100 atmOSpheres (about 0.1 to about 10 MPa) or even

greater -and temperatures in the range of from about -60°C to about 150°C. "In a-

~slurry polymenzatton a suspensxon of solid, particulate polymer is formed ina’ .

liquid - or supercrmcal polymerrzatron . medium to whtch propylene and

comonomers and often hydrogen along ‘with catalyst are added The ltqutd

employed m the polymerrzatron medtum can be for example an alkane or a -

cyclo_alkane, The medium employed should be ltqutd under the condmons of

‘polymierization and relatively mert such as hexane and isobutane. Inthe preferred

embodiment; propylene serves as the polymertzatton drluen’t and the '
polymertzatton is carried out using a pressure of frpm about 200 kPa to about
7,000 kPaata temperature in the range of from about 50°C to about A12‘0°C :

The periods of time. for each stage wrll depend upon the catalyst system,
comonomer and reactlon condtttons In the case where TCR is desrred the
propylene is be homopo]ymerlzed for a trme pertod sufficient to yield . a
composition havmg from 10 t0'90 Wt% homopolymer based on the total wetght of
the polymer in one embodtment from 20 to 80 wi% in another embodiment, and
from 30 to 70 homopolymer wt% based on the total weight of the polymer in yet
another embodiment. In the embodiment where an RCP is formed, the propylene

and comonomer are copolymerlzed for a time period sufficient to yield a

crystalline propylene copolymer wherein the wi% of the comonomer based on the

total weight of the polymer is in the range from 0.05 to 15.

The polymerization may be conducted in batch or continuous mode and
the entire polymerization may take place in one reactor or, preferably, the
polymerization may be carried out in a series of reactors. If reactors in series are
used, then the comonomer may be added to any reactor in the series, however,

preferably,‘ the comonomer is added to the second or subsequent reactor. '

Hydrogen may be added to the polymerization system as 2 molecular

weight regulator in the first and/or subsequent reactors depending upon the
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particular properties of the product desired and the specific metallocenes used.

When metallocenes having different hydrogen responses are used, the addmon of

hydrogen will influence the molecular werght dlstrrbutxon of the polymer product

- accordmgly A preferred TCR product form is to have the comonomer be present
. in the high molecular welght species of the total polymer to provide a favorable

balance of good film stretchabllxty without breaking, coupled with low |

extractables low haze and good moisture, bamer in the film. Accordingly in this

‘case, the same or lower levels of hydrogen are utilized during copolymerization as

T were used during polymerization. In one embodiment, if the reactors in series are

-used, then the comonomer may be added to any reactor in the serles however
preferably, the comonomer is added to the second or subsequent reactor. " In
another embodlment when a'RCP is produced, xf reactors in senes are used the

-comonomer should be added to each reactor in series.

‘ ]n one embodiment, the polymers of this invention are a reactor blend of
crystalline propylene homopolymer and copolymer. The polymer comprises from
104 to 90 wt% homopolymer based on the total weight of the polymer in one
embodiment, from 20 to 80 wt% in arnother embodiment, and from 30 to 70 wt%

homopolymer based on the total weight of the polymer in yet another

embodiment. In another embodiment, the polymers of the present invention are a

crystalline propylene copolymer wherein the wt% of the comonomer based on the

total weight of the polymer is in the range from about 0.05 to about 15, and from ,

0.5 to 10 in another embodiment.

As shown later in the Examp]es ‘a reactor blend of jUSt crystalhne
propylene homopolymers made in the different polymerization stages, using a
system of mixed metallocene catalysts, does provide an enhancement in film
orientability and good film properties over the case of a propylene homopolymer
made via a single metallocene catalyst. The homopolymer/copolymers in one

embodiment and copolymers in an alternative embodiment of the invention,
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however,.provide a more favorable balance of ‘broad film processability range and

rheological properties. o '

\ ' ' K

Any comonomer may be used to make the . polymers of this mvermon »

Preferably the comonomer is selected from the alpha-olefin group consisting of

ethylene, lbutene lpentene l-hexene .and 1-octene. | Combinations of -

cbmonomers and substrtuted comonbmers such as .4-methylpentene-1 can also be .

hexene Diolefins and cyclic olefms may also be used.

' ' i
‘

[ .
o

. The amount of comonomer used will’ depend on the type of comonomer

and desired propertles The final composmon may contain any amount of

comonomer as long as the components of the composition remain crystallme In
general the amount of comonomer units based on the total weight of the polymer

is in the range of from 0.05 to 15 wt% in one embodrment from 0.1.to 10 wt% in’

another embodlment and from 0.5t0 8 wt% in yet another embodrment ‘and from
0.5to 5 Wit% based on the total werght of the polymer in yet another embodiment.
Conversely, the polymer comprrses from 99.95 to 85 wt% propylene units based
on‘the total werght of the polymer in one embodiment, from 99.90 to 90 wt% in
another embodiment, and from 99.5 to 92 wt% m yet another embodtment and
from 99.5 to 95 wi% propylene units based on the total weight of the polymer in

yet another embodiment.

In one embodiment of the invention a desirable feature of this

composition is the presence of comonomer in the hlgh molecular weight species,
to selectively reduce the crystallinity and improve film orientability at stretching
temperatures, while the homopolymer, higher crystalline component provides the

desirable film properties such as stiffness and barrier. In an alternative

" embodiment of the invention, the desirable feature of the composition is that the

30

presence of comonomer in the high molecular weight species are less than in the
lower molecular weight species, thus improving film orientability at low

stretching temperatures. The higher molecular weight crystalline components that
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| Lo . " contam less comonomer (or no comonomer) provide the desirable film properties
.+ such as stiffness and barrier strength. The polymers of this invention also retam
the low extractables levels charaeterxsnc of single-site metallocene based '
polymers which are typlcally under 2 wt%, as measured by 21 CFR
5 . 177.1520(d)(3)(ii). As will be shown later in the Examples, the polymers of this
invention combine the stiffness and barrier propemes of homopolypropylene with
the enhanced low temperature stretchablhty, ‘without breaks, of a random
o . c0polymer ‘ ' : ‘ '
o ot |
o ‘ .'10. o The propylene polymers of this invention are partlcularly suitable for
| | oriented and 'non-oriented film applications and preferably have a weight average
mo]ecular welght (MW) that is m the range of from about 25,000 to about
1,500,000 in one embodiment, from about 100,000 to about | ,000,000 in another
embodlment from about 140,000 to about 750,000 in. another embodiment, from
15 -about 150,000 to about 500, OOO in another embodlment and from about 200,000
to about 400,000 in yet another embodiment. The Mz values for the polymers of
the present mventnon range from 400,000 to 2 ;000,000 in oné embodiment, from
500,000 to 1,500,000 in another embodiment, and from 600,000 to 800,000 in yet
another embodiment. .
20 .
These polymers have a melt flow rate (MFR) that is in the range of from
0.2 dg/min. to 30 dg/min. in one embodiment, from 0.5 dg/min. to 20 dg/mm in
another embodiment, and from 1 dg/min. to 10 dg/mm in yet another embodlment
The polymers of this invention have a broadened molecular weight distribution as
25 compared to polymers prepared with only one type of metallocene catalyst. T.he

polymers have a molecular weight distribution (MW/M,-Q in the range of from 2.1

to 10.0 in one embodiment, and from 2.5 to 7.0 in another embodiment.

The TCR polymers of this invention will have a tailored composition
30 distribution reﬂectmg their homopolymer/copolymer makeup and the presence of
the component contributions from each of the metallocenes used. The RCP

polymers of this invention will have a tailored composition distribution reflecting
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_their copolymer makeup and_the presence of the component contributions from
each of the metallocenes used. The copolymer species derived from each

metallocene will be narrow in composmon distribution, typical. for smgle site

| y " metallocene-based polymers The final composition distribution will depend on

the level of comonomer, the ratio of homopolymer (when present) to copolymer

.produced and the comonomer 1ncorporat1ng tendencies of the individual -

" metallocenes. "~ The design of the molecular weight distribution, tacticity

dlStrlbutlon and composition distribution of the final composition depends on the

' requirements of the targeted end application.

]
The 'polymers of this invention can be blended with other polyméré,

particular]y with other polyolefins. Examples of such would be blends with

conventional propylene polymers.

_Films

The crystalline isotactic propylene polymers of this invention exhibit
exceptional film orientability and the films exhibit a good’ balance of properties.

Any film fabrication method may be used to prepare the oriented films of this

" invention as long as the film is oriented at ]east once in at least one direction

Typically, commermally desirable oriented polypropylene films are bmxxally
oriented sequentially or simultaneously. The most common practice is to orient
the film first longitudinally and 1hen in the transverse direction. Two well known
oriented film fabrication processes include the tenter frame process and the double

bubble process.

We have found that the novel structure of the crystalline propylene
composmons of this invention translates to distinct differences versus standard
films made with today’s ZN produced propylene polymers and compared with
films produced with a single metallocene. As discussed in more detail below,
biaxial stretching studies show that the films of this invention have a substantially
broader processability range and can be evenly stretched at lower temperature.

Stretching studies at elevated temperatures on cast sheets along machine direction
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(MD) and ‘transv’erse direction (TD) indicate that-thé films of this invention stretch
easily wrthout breaking at lower stretchmg temperatures when compared to ZN
produced propylene polymers ' ThlS md]cates a capability to operate at .
51gmﬁcantly hrgher line speeds on commerc1al tenter frame lines, whrle still

making orrented films havmg good olarrty, strffness and barrier propertres

‘The final films of this mventlon may generally be of any thickness,

however preferably the thickness i is in the’ range of from 1-200 pm, from 2- 150: Lo

um'in another embodiment, and from 5to 75 jun in another embodlment There
is no particular restriction with respect to draw, ratlo on film stretchmg, however
preferably the draw ratio is from about 4.to about 10 fold for monoaxially oriented '
films and from about 4 to about 15 fold in the transverse direction in- the case of
biaxially oriented films. Longrtudmal (MD) and ttansverse stretchmg is desrrably. '
carried out at a temperature ‘in' the range of from about 70°C to about 200°C
desirably from about 80°C to: about 190°C. The films may be coextruded or
laminated and/or may be single. or muln layered with the ﬁlm of the mventlon:

comprising at least one component of the layers typically the core layer

The crystalline propylene polymers of this invention are also very suitable
for non-oriented film which can be fabricated using cast or blown film process
technology. Like the oriented fi Im, the non-orlenled film can also be coextruded
or laminated and/or may be single or multi layered with the film of the invention

comprising at least one component of the layers.

Additives may be included in the film polymers of this invention. -Such
additives and their use are generally well known in the art. These include those
commonly employed with plastics such as heat stabilizers or antioxidants,
neutralizers, slip agents, antiblock agents, pigments, antifogging agents, antistatic
agents, clarifiers, nucleating agents, ultraviolet absorbers or light stabilizers, fillers
and other additives in conventional amounts. Effective levels are known in the art

and depend on the details of the base polymers, the fabrication mode and the end
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application. In addition, hydrbgenated and/or ‘petroleum hydrocarbon resins may
be used as additives. o I ‘

The ﬁlm surfaces may be treated by arty of the known methods such as -
corona.or ﬂame treatment In addmon standard film processing (e.g. anne‘aling)
and convertmg operatrons may be adopted to transform the film at the line into

usable products

- Test methods are listed in the approprtate tables below. Other testmg
and procedural methods include’ the followmg MFR was determmed via the
method of ASTM D 1238 Condition L. The melting temperature was determined
from peak temperatures from DSC- runs at 10°C/mm heating and coolmg rates

Comonomer content was determmed via FTIR measurements (calrbrated versus

e NMR). Percent hexane extractables level was determined vna 21 CFR §
177. 1520(d)(3)(1) and (i1). Percent TREF extractables level was determmed
during TREF (Temperature Rising Elution Fractronanon) and represents an
alternate method to quantify the generally: low molecular - weight, high
comonomer- -containing species that are prone to be migratory and extractable. In
the TREF experiment (ExxonMobil Chemical Company method; see Wild et al.,
20 Journal of Polymer Science, Polymer Physics Edition 441 (1982) U.S:
5,008,204; and WO 93/03093) these species are the ones that do not crystallize at
0°C but remain in the solvent at this temperature. While the absolute levels of -
hexane and TREF extractables will be different, the two methods provide similar
trend data. The isotactic index was determmed by the method of BC NMR
spectroscopy as disclosed in EP 0 747 212. Molecular weights (Mn, Mw, Mz)
were determined by Gel Permeation Chromatography (GPC), a well known
analytical procedure to quantify molecular weight data. The polydispersity index
was also determined by dynamic shear rheometer as discussed by Drickrrlan et al.,

9 Journal of Plastic Film and Sheeting 22 (1993).
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‘Additional biaxial stretchmg measurements using an Instron machme

(Model 1122) were conducted on a similar set of polymers analyzed via T. M.

Long stretchmg The key dlfference is the' simultaneous biaxial stretchmg'

provxded by the T. M. Long machine versus a 'sequential stretching provided by
the Instron machine, 51m11ar to the operation of a typical commercial tenter frame

:machine.

The stretching measurements on the Instron were conducted as follows:

Cast extruded sheet (typically 600 pm thick) was cut along the machine direction _

(MD) into strips 76.2 mm wide. A strnp was gripped between the, jaws on the
Instron An 'appropriate length of strip was cut to allow a jaw separation of 25.4

mm. The sample was maintained i In an environmental chamber on the Instron at a

., temperature of 110°C. The temperature thermocouple probe ‘was positioned

~adjacent to the sample. The sample was stretched to 700% along the MD in the
lnstron at a temperature of 1 lO°C and a stretching rate of 50.8 mm/min. After the
MD stretchmg, the sample was held at 700% extension while the chamber doors
were opened and the sample allowed to cool down to ambient temperature. The

sample (about 100um thick) was removed from the chamber and cut along the

original transverse direction (TD) into 25.4 mm wide strips. A strip of appropriate _

length was again gripped between jaws on the Instron, Two different TD -

stretching conditions were used.

e Casel: 254 mm jaw separation, 1,100 % TD stretching ratio, 508
mm/min. stretching speed different stretching temperatures varying
: from 100°C to 150°C. The strain rate for this stretching condition is

“about 2 200% per minute.

e Case2: 12.7 mm jaw separation, 2,200 % TD stretching ratio, 1270
mm/min. stretching speed, different stretching temperatures varying
from 120°C to 160°C. The strain rate for this stretching condmon 1S
about 11,000 % per minute.
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~ Heat seal- strength (Table 10B) was measured on a Theller film Sealer

(model PC) at the temperature shown in the tables After conditioning at 23°C for

24 hours, seal strengths were measured using a United six station machme

5 Sealing conditions were 206.8 kPa seal pressure, 0.5 second seal dwell time, 2.54

‘cm.wide film strips, 3 test specimens per sample 50.8 cm per minute test speed.

. . Shrink tension force (Table 12) was determined by mounting a film strip,
2. 54 cm wide and cut along the MD, in the des of an Instron machine (Model
o ' '10,' 1122). The separation of the jaws was 5.08 cm. An envrronmemal chamber
| surrounded the jaws. The chamber space could be heated and controlled to

desired temperatures to induce shrinkage and the associated shrink tension force

. in the film samples. Experiments were conducted at a temperature of 110°C. The

' film strips were mounted taut at ambient temperature following whrch the
15 env1ronmental chamber was closed and the temperature raised to 1 10°C. Once the
test temperature was reached the test was continued for 20 minutes at this
temperature. The tension force developed in the film from the time of initial
loadmg was recorded on a strip chart recorder. The final leveled-out force reading
" when the film had equilibrated at llO°C was taken as the shrink tension force at
3¢ that temperature (g force). Two runs per sample were conducted at 110°C to

check reproducibility and average the data.

Film processability determmed as follows Samples were stretched on
TM Long stretching apparatus; MD x TD stretching ratio = 6x6; preheat time 27
25 sec; stretch rate 76.2 mm/sec; the initial sheet thickness was about 600 pm; the
final stretched film thickness was about 20 pm, wherein E = Even stretch, U =
Uneven stretch (i.e., unstretched marks/unstretched regions), B = Break, S =
Sagging (abbreviations in the Tables). Films for testing of film properties were
prepared on the TM Long stretching apparatus at 143. 3°C; MD x TD stretChing
30  ratio=6x6; preheat time 27 sec. Film thickness was determined usmg a

profilometer; Haze was measured per ASTM D 1003; Gloss per ASTM D 2457,
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WVTR (water vapor transmlssron rate) per. ASTM F 372; Tensile propemes and
1% secant modulus was measured per ASTM D 882

'
Nl

EXAMPLES ‘ S & .
5 Samples 1 -9, Samples 1 -9, data for wl‘uch is in Tables 1-6, are drscussed below
and exempley the case of havmg a dual metallocene: combinétion to form a .

crystallme polypropylene composmon that i isa TCR Samples 1, 2A. and 2B are

propylene polymers consistent w1th thrs mVentlon These were compared against . . X

several metallocene-based and convennonal Zregler-Natta (ZN) based propylene” BEr
10 polymers as follows. Sample 3 was prepared from the same metallocene catalyst v
| ‘system (comprlsmg two metallocenes) used to make Samples 1, 2A and 2B, but’ |
w1thout using any comonomer - Samples 4.and 5 were prepared from a smgle‘.
metallocene based catalyst Sample 4 is a homopolymer while Sample S contains,
ethylene as comonomer. The ZN produced propylene polymers are Samples 6, 7,

15 8 and 9. Samples 6 and 9 are polymers of controlled crystallinity, compnsmg a
reactor blend of prOpylene homopolymer and propylene copolymer, snmllar to the
invention polymers but prepared from conventlonal ZN catalyst. Product PP4792‘

El is an example of Sample 6. Product PP4782 at a slightly lower MFR (2.1
versus 2.6 for PP4792 El) is an example of Sample 9. Samples 7 ard 8 are

20 conventional -random copolymer polypropylenes. Products PP 4822 and PD 9012
El are examples of Samples 7 and 8 respectwe]y The ZN products above
(Samples 6, 7, 8 and 9) are available commercrally from ExxonMobil Chemlcal .
Company, Houston Texas, USA. Table 1A and Table 1B prov1des
characterization data describing Samples 1 to 9. The term "2 MCN" refers tov the

25 case where two metallocene catalyst systems are used. The individual

metallocenes themselves can be the same or different.

The copolymer, Sample 1, was prepared by using a catalyst system that

- employed an equimolar mix of two metallocenes on a silica support. ’l'he catalyst

30 system was prepared as follows. In an inert nitrogen atmosphere, 8.0 g of rac
dimethylsilanediylbis(2-methyl-4-phenylindenyl)zirconium dichloride was
combined with 60 g of dimethyIsilanediylbis(2-methyl-indenyl)zirconium
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dlchlorrde and 780 g of 30 wt% methylalumoxane solution in toluene (Albemarle - |

Corporanon, Baton Rouge, LA) \ 860 g of toluene was added to dilute the
solution. Separately 939 g MS948 srhca (1 6 ec/g pore volume - available from:

dehydrated to 600°C in a stream of ﬂowmg nitrogen was charged to.the catalyst

preparatron vessel With the agrtator on the- metallocene - alummoxane solutron '

was added to the srhca After addmon of the solutlon mrxmg continued for one -

hour. and then vacuum was applred to the vessel A slight mtrogen purge was

‘added to the bottom of the vessel to aid in removmg the volatiles. At the end of

drymg 1454 g of free ﬂowmg sohd was obtained. .Analysrs showed a loadmg of
8. 95 wi% Al and 0.17 wt% Zr w1’th an Al/Zr molar ratio of 180.

. Several batches of the catalyst'system were combined to proVid'e-sufﬁcient " ,

charge for the polymerization run. The catalyst system was oil slurried (20 parts
by weight to 80 parts by weight DrakeolTM 35 avallable from Penre(:o Dtckmson,
Texas) for ease of addition to the reactor

The procedure for lpolymeri_zing Sample 1‘ was as follows. lhe
polymerizatlon was conducted in a pilot scale continuous stirred tank, bulk liquid
phase polymerization process employing two reactors in series. The reactors were

equipped with jackets for removing the heat of polymerization. The reactor

temperature was set at 70°C in the first reactor and 64°C in the second reactor.

Catalyst was fed at an estimated rate of 5 g/hr. Triethylaluminum (TEAL) was

employed as scavenger and fed at a rate of 160 ml/hr of a 2 wit% solution of

TEAL in hexane solvent. Propylene was fed at a rate of about 73 kg/hr to the first

reactor and about 27.5 kg/hr to the second reactor. Ethylene comonomer was -

added only to the second reactor at a feed rate as needed to result in-an overall

- incorporation of about 0.8 wt% ethylene in the final polymer. Hydrogen was

added for molecular weight control at 500 mppm in the first reactor. No addition
of fresh hydrogen was fed to the second reactor. Residence times were about 2.75
hours in the first reactor and about 2 hours in the second reactor. The production

rate of polymer was about 32 kg/r. The polymer was discharged from the
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reactors as a granular product havmg an MFR of about 2.0 dg/mm and ethylene ,
oo i ' level of about 0.8 wt%. Evaluation of the intermediate product from the first

: reactor showed a homopolypropylene with an 'MF R of 4.0.

5 The copolymer, Sample 2A was prepared using the same catalyst system v.
| ~.and polymerlzatlon procedure as described ‘above for Sample 1. The only
.‘ dlfference was a shght increase in the ethylene comonomer feed to the second ,

: reactor, resultmg in an overall ethylene i mcorporatlon in the final product of about
0 1O wt% The final granular product had an MFR of about 1.0; that of the
10.. 41ntermed1ate product from the first reactor about 4.0. Both polymers Samples 1
Sy and 2A, cornpnse a reactor blend of a high(er) MFR homopolypropylene with a |
| ‘low MFR random copolymer. . |

SR g The copolymer, Sample 2B was prepared using a similar catalyst syetem
- 15 . and polymerization procedure as described above for . Samples 1 and 2A with
' some modifications. On catalyst, MS 952 silica (Davison Chemical, DlVlSlOD of
W.R. Grace Baltimore, MD), previously dehydrated to 600°C under nitrogen was

used instead of MS 948. Also, followmg the addmon of the

- metallocene/alumoxane mixture to the silica, a solution containing Kemamme AS-

20 990 (Witco Corporatlon Greenwrch CT) in toluene (1 wt% of AS- 990 based on
weight of silica) was added to the slurry before drying.  On reactor
polymerization, the reactor levels were adjusted to provrde a 70%/30% Splxt
between product made in the first and second reactors, versus a 55%/45% spht

during the production of Samples 1 and 2A.

25
The - homopolymer, Sample 3, was also . prepared usmg the two-
metallocene mix described above. Several batches of the catalyst were combmed
to provide the charge for the polymerization run. The catalyst system was oil
slurried (15 wt%) for ease of addition to the reactor. |
30

The procedure for polymerizing Sample 3 was as follows. The

polymerization was conducted in a pilot scale continuous, stirred tank, bulk liquid
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.phase polymenzanon process employing two reactors in series. The reactors were

equipped with jackets for removing the heat of polymerization. The reactor

temperature was set at 70°C in the first reactor and 64°C in the second reactor.

‘Catalyst was fed at an esnmated rate of 13.5 g/hr Triethylaluminum (TEAL) was

employed as scavenger and fed ata rate of 2 ml/min of a 2 wt% solution of TEAL

reactor and about 27.2 kg/hr to the second reactor. Hydrogen was added for

molecular weight control at 500 mppm in the ﬁrst reactor and 900 mppm in the

second reactor. Residence times were about 3 hours in the first reactor and about

2 hours in the second reactor. The productlon rate of polymer was about 25 kg/h.r
The final polymer was discharged from the reactors as a granular homopolymer

product having an MFR of 2.0 dg/min. .

The homopolymer, Sample 4, was prepared using the metallocene catalyst ,

~ system rac drmethylsﬂylbls(2 -methyl-4- phenylindenyl)zirconium dichloride,

activated with methylalumoxane and supported on silica. The catalyst system was

prepared in the following manner.

PCT/US02/02379

"in hexane solvent. Propylene was fed at a rate of about 65.8 kg/hr to the first '

A precursor solution was prepared by combining 343 g of 30 wt%.

methylalumoxane in toluene (Albemarle Corp., Baton Rouge, LA) representing -

1.76 moles Al with 636 g of dimethylsilylbis(2-methyl-4-phenyl-
indenyl)zirconium dichloride (0.01 moles Zr) by stirring. Then 367 g of toluene
was added and stirring was continued for 15 minutes. The precursor solution
(625.9 g) was added to 392 g of Davison MS 948 silica (1. 6cc/g pore volume -
available from W. R. Grace, Davison Chemical Division, Balnmore Maryland)
previously h'eated to 600°C under nitrogen. The ratio of liquid volume to total
silica pore volume was 1.10. The solid had the consistency of damp sand and was
dried at reduced pressure (483 mm Hg vacuum) and temperatures as high as 50°C
over 16 hours. 485.5 g finely divided, free-flowing solid catalyst were obtained.
Elemental analysis showed 0.09 wt% Zr and 7.37 wt% Al |

-
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Several batches of catalyst system were combined to prowde the charge
for the polymenzatlon run. The catalyst system was oil slurried (Drakeol™, 15
wt%) for ease of addmon to the reactor. The procedure for polymerizing Sample
‘4 was as follows The polymerlzanon was conducted in a pilot scale, two reactor,
5 contmuous stlrred tank bulk hqurd phase process.: The reactors were equlppedv |
with Jackets for removing the heat of polymerization. -The reactor temperature :

was set at 70°C in 'the first reactor ahd 66°C in the second reactor. Catalyst was |

fed at a rate of 6. 6 g/hr. TEAL (2 wt% in hexane) was used as a scavenger at a R R

rate of 1.6 g/hr The catalyst system prepared above was fed as a 15% slurry i in
10 mineral oil and was flushed into the reactor with propylene Propylene monomer o
| was fed to the ﬁrst reactor at a rate of 73 kg/hr and to the second reactor at a rate
of 27 kg/hr.. Reactor residence time was about 2.3 hours in the first. reactor and
about 1.7 hours in the second reactor. Polymer production rates were about 16,
kg/hr in the first reactor. and. 8 kg]hr in-the second reactor. Polymer ‘was ”

15 discharged from the reactors as, granular'prod‘uct having a MFR of 4.3 dg/min.

The copolymer' Sample 5, was prepared uslng the metallocene catalyst
system rac- dxmethylsxlanednylbxs(2 -methyl-4,5-benzo-indenyl)zirconium
dichloride, activated with methylalumoxane and supported on silica. The catalyst

20 system was prepared in the following manner.

A precursor solution was prepared by combining 837.4 g of 30 yvt% :
methylalumoxane in toluene (Albemarle Corp., Baton Rouge, LA) representing |
4.31 moles ‘Al with 845 g of dimethyl_silanediylbis(2-methyl-4,5-benzo,— o
25 indenyl)zirconium dichloride (0.015 moles Zr) by stirring. Then 249 g of toluene
was added and stirring was continued for 15 minutes. The precursor solution was
added to 783 g of Davison MS948 silica (1.6¢cc/g pore volume - available from W.
R. Grace, Davison Chemical Division, Baltimore, Maryland) previously heated to
600°C under nitrogen. The ratio of liquid volume to total silica pore volume was
30 0.95. The solid appeared dry and free flowing. The volatiles were removed by

drying at reduced pressure (737 mm Hg vacuum) and temperatures as high as
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65°C over 24 5 hours: 1056 g fmely dmded ft‘ee flowing solid catalyst were
obtained. Elemental analysns showed 0. 13 wt% Zr and 12 14 wi% Al.-

o . . -' A
.
. "

- Several batches of thls catalyst system were combmed to yxeld the'charge -
required for the polymertzanon rm’t Prior to using for polymerlzatton 2 wt%
Kemamme AS 990 (avatlable from thco Corp Greenwich CT), was added to
the catalyst dry sohds The catalyst was- then 011 .slurned (Drakeol“‘, 15 wt%) for -

ease of addttton to thereactor. =~ . R

- The procedure for polymerlzmg Sample‘ 5 was as follows The -
polymenzatxon of propylene/ethylene copolymer 'was conducted in-a pxlot scale

continuous, sttrred tank, bulk hqund phase polymenzatton process employmg two

reactors m series. The reactors were equxpped with jackets for removmg the heat' o

of polymerization. The reactor temperature was set at 55°C in the first reactor and
51°C in the second reactor.- Catalyst was fed at rate of 9. 2 g/hr ‘
Tnethylalummum (TEAL) was employed as scavenger and fed at a rate of 225
ml/min. of a 2 wt% solution of TEAL in hexarte solvent. Propylene was fed ata
rate of about 99.8 kg/hr. Ethylene was used as a comonomer and its flow rate
adjusted to prov1de an incorporation level of about 1.0 wt%. Residence times
were about 3 hours in the first reactor and about 2.2 hours in the second reactor.
The production rate of polymer was about 13.6 kg/hr. The polymer was
discharged from the reactor as a granular product havmg an MFR of 3.9 dg/min.

and a comonomer content of 1.1 wt% ethylene.

The molecular weight distributlons of the metallocene-based polymers
(Samples 1-5) are shown in Figure 1. The GPC plots are of relative area versus
molecular weight. The recovery compliance number (in Figures 1 and 2) tracks
the high end of the distribution and are in units of Pa’ x 10, Compliance is
measured at about 200°C using an ExxonMobil Chemical Company method
described further below. Samples 4 and 5 are derived from a single metallocene-
based catalyst, while Samples 1, 2A, 2B and 3 are derived from a two

metallocene-based catalyst. Samples 4 and 5 (homopolymer and ethylene
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distributions, typical of single 'site metallocene catalyzed polymers. No

dxfferences in molecular welght distribution are observed between homopolymer'

:Sample 4 and ethylene c0polymer Sample 5. - Of the two-metallocene catalyzed

polymers, homopol_ymer_Sample 3 shows a modestly broadened molecular weight

«distribution, reflecting contributions from the two individual metallocenes.

Surprlsmgly, the invention polymers Samples 1, 2A and 2B show an

unexpected bimodal molecular welght dlstrlbutlon The incorporation of less than

~or equal to 1 wt% ethylene comonomer during the polymerization process results

in a substantial broadening of the molecular weight distribution at the high

molecular weight end. This is unexpected sjnce with both the individual

metallocenes, molecular weight drops with ethylene addition.

A comparison of the molecular weight distribution of an invention
polymer (Sample 2A) versus one made by the same process (i.e., addition of
ethylene comonomer in a separate polymerlzatlon stage) but using a conventional

ZN catalyst (Sample 6) is shown in Figure 2. The extent of. molecular weight

' broadening to the high end for the invention polymer is clearly visible.

This substannal molecular weight broadening at the high molecular weight
end for the invention polymers can be characterized by several techniques, one of
which is the measurement of recoverable comphance (see, e.g., Figures 1 and 2),-

the value of which is well known to. track the high molecular weight end species

- of the distribution. Recoverable compliance is measured using a Rhemetric Stress

Rheometer. A sample of polymer is melted at 200°C, 1 x 10* dyne/cm stress for
180 seconds. Then the stress is released to zero to allow the polymer to recover
the deformation. The recoverable compliance is the strain normalized by the

stress recovery. The compliance values for the Samples are observed to increase
from 1.1x104 Pa! for Sample 4 (single metallocene; homopolymer) to 3.6 x ]O4

Pa-l for Sample 3 (two metallocenes; homopolymer) to greater than or equal to

3.9 for invention polymers Samples 1, 2A, and 2B (two metallocenes; copolymer).
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The recoverable compliance for Samples 10 and 11 are, respectively, 3.6 3.x 10*
Pa’! and_ 43 x10° Pa’'. l

¢

y

The incorporation of ethylene in the invention polymers, believed to occur

primarily in the larger molecules ‘broadens the melting distribution as is seen in

the. DSC melting data shown in Figure 3 whxch compares invention polymer '

' Sarnple 2A, with metallocene control, Sample 4, and-ZN control, Sample 6.

'Meltmg traces were performed on a Perkin Elmer DSC 7 Differential Scanning

“uniform comonomer incorporation among all the molecules in a polymer sample
and to alloW greater melting point depression than ‘conventional ZN based

-catalysts for the same comonomer mcorporanon level. Even with the greater level

of ethylene mcorporanon in the invention polymers versus comparable ZN-
" controls (0.8 and 1.0 wt% in Samples 1 and 2A versus 0.55 and 0.4 ‘wt% in

' ,Samples 6 and 7), the extractables levels in the invention polymers are lower,

reflecting their single site catalyzed origin (Table 1A).

The invention polymers (Samples 1, 2A and 2B), two metallocerle-

catalyzed controls (Samples 3 and 4) and two ZN catalyzed controls (Samples 6

and 7) were converted to biaxially oriented films to assess ease of stretching and )

PCT/US02/02379 .

Calorimeter. Smgle site metallocene-based catalysts are known to provide

orientation. This step is recogmzed to be the critical point in the fabrication of

such oriented films. One of the procedures adopted was one that is widely used in

the art and involved cast extrusion of a sheet of polymer (typically SOOpm, to

650pum thick) followed by b1ax1al orientation at elevated temperature on a
stretching apparatus such as a film stretcher from the TM Long Co., Somerville,
N.J (henceforth referred to as TM Long machine) to yield a final thickness of
15pum to 25pm. Ease of film stretching or orientation was judged from the
uniformity of stretching (i.e., even stretch versus the presence of stretch bands),
film sagging and in the most severe case, film breakage. A desired stretching
profile is one that offers even stretching, without any stretch bands, breakage or
sagging over a w1de range of stretching temperatures. The stretching performance

for the selected polymers are summanzed in Table 2. The single metallocene
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catalyzed homopolymer Sample 4 shows poor stretchability. The two metallocene

homopolymer Sample 3 shows an 1mpr0vement though it is not as good as the

mventton polymers Samples 1 2A and 2B Wthh show a desxrably broad-

‘ .stretchrng wmdow The performances of Samples 2A and 2B are seen to be

superior to those'of the ZN controls; Samples 6 and 7.

4

*Graphical representatrons of the comparattve processability ranges for the

dlfferent samples are shown m Flgure 4, A" curve having as w1de a well as

possible wguld be reﬂectrve of a polymer of good processmg latitude. thure 4A' S

compares the standard metallocerne: smgle s1te-based polymer Sample 4 versus the

ZIN control Sample 6. The lower meltmg, narrowly dlstrtbuted polymer Sample 4 |

can be processed at lower temperature than ¢ontrol Sample 6, but it is seen to have'

poor processmg Iatrtude with stretchmg temperature Figure 4B compares the W
same ZN control Sample 6 agamst metallocene polymer, Sample 2A, the o

invention polymer The processabtllty range for Sample 2A is now seen to be.

quite a bit broader partlcularly at . low stretchlng temperatures, reﬂectmg very

favorable processmg latitude.

Film property measurements on some of the biaxially stretched films
produced above are shown in Table 3. The properties of the invention polymer

films compare favorably with the ZN control. The ZN film has slightly hxgher

film stiffness. It has been found that the stretching temperature for optimum film ,
properties (low haze, maximum sttffness) for the invention polymers is lower than

that used typically for the ZN control film. As seen in Table 3, the haze and

modulus of the Sample 2A film are both improved on going from 154.4°C

stretching temperature to 143.3°C.

To attain such lower stretching temperatures with today’s ZN 'polymers,
one can use random copolymers of similar melting temperature to the invention
polymers. This was done using Sample 8, a 2 MFR, 2.8 wt% ethylene random
copolymer with Tm=146°C, the same as invention polymers Samples 1, 2A and

2B. Biaxially oriented film was prepared from Sample 8 by extruding cast sheet
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and stretching it at the'lower temperature of 143. 3°C on the TM Long stretching
apparatus Film properties on stretched films of Sample 8 are conapared versus
those for Sample 2A in Table 4. The film propertres profile drsplayed by the
'. random copolymer Sample 8 is seen to be deficient to that of the invention
5 polymer Film stiffness, moisture barrier and tensrle properties are all lower than
| “those for the mvennon polymer The frlm data demopstrate the unique balance of
. favorable film stretchabrlrty coupled wrth good film properties for the mventlon
SRS , polymer. | | '
o . 10. - -~ Not all the samples were- able to endure these TD stretchmg conditions and
' remain unbroken Breaks were noted down in the data ‘measurements when they
occurred, along with the tensile strengths at 1,100% and 2,200 % stretch ratios if
Lo .. unbroken. -Two test specrmens per’ polymer sample were evaluated at each
| stretching condition; values reported are averages for the two specrmens
15 » '
| TD stretching data per rhe tesling conditions of Case 1 above are shown in
Table 5. Table 5 shows the TD tensile strengths at 1,100 % stretching ratio, and
the break points for those samples that broke prlor to achieving this stretchmg
level. For all the samples, the propensity to break before reachmg 1,100 % TD
20 stretching is greater at the lJower temperatures. The superiority of the invention
polymers is clearly seen in the data. They withstand breaking much better than
cither the metallocene controls (Samples 3 and 4) or the ZN controls (Samples 6
and 7). One has to go down to a stretching temperature of 110°C (25°C lower
than the best of the control samples) before a break is noted in the invention
25 polymer films. Also, when comparing samples at temperatures where breakage
does not occur (see data at 150°C, for example), the invention polymer films
(Samples 1 and 2A) show lower tensile strengths (i.e. easier stretchability) at
1,100% stretch ratio. Easier TD stretchability at lower stretching temperatures,
without breaking, is one of the unique features offered by the invention polymers.
30  Since film breaks during TD stretching are typically the weak link in biar(ially
oriented polypropylene film fabrication, via the tenter frame process, the invention

polymers offer a significant processing advantage.
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A typlcal commercial tenter frame process to make braxlally oriented
polypropylene film, operating at 250 m/mm lme speed and with TD stretch ratio
850 % (iie.1m w1de film stretched to 8. 5 m), has a TD-stretch strain rate of about .

5 15,000 % per minute.. Whlle it is drff cult to match this value in a laboratory test,
the Instron TD stretch test condmons of Case 2 above. provide a strain rate of .

11,000 % per minute, whrc.h approaches that Qf the commercial . fabrrcatlon

“process. Data measurements per Case 2 condrtrons are shown in Table 6. The ..

results are the same as those noted ear]rer Low TD tensrle strength values and no'
10 film breaks for the invention polymers down to stretchmg temperatures 30°C
lower (130°C versus 160°C) than the best of the ZN control samples At high TD
stram rates approachmg those encountered dunng commercial tenter frame‘
| processmg, the invention polymers dlsplay 'better low temperature TD,
stretchabrhty without breakmg
15 ’ ‘
Testmg of the processabr]rty of the mventron polymers durmg braxrally'
onented film fabrrcatlon via the tenter frame process was conducted on a prlot'
line capable of 1m wide trimmed ﬁlms The preparation of such films is readnly
done usmg techmques well known in the art. Invention polymer Sample 2B was
20 compared against ZN control Sample 9. Typical values set for some key

processing parameters were:
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Parameter . Samp-e9 _ Samp!e Zﬁ ‘ Sample 10
.. @1MFR, (I7MFR,  (6MFR,

S 1s9°C Tm) . 147°CTm)  144°C Tm)
ExwsionMell . Z9°C .~ 272°C 263°C
Temperature ' o . '
MD Oven Cossc o a2%e 122°C |
Temperature . - . . R , B
'MD Stretching so st sl
Ratio - I o
: TD}Oven_ o asrct | 166°C . 168°C -
’femperature : '. o - , o
TD Stretching 77 .11 7.7
Ratio | . _ _
Film Thickness © 20pm, 20 pm . 20pm’

A desrrable processability range is the range of TD oven temperatures over
5 Awhrch good film quality and umformrty are maintained. This was done because in
the tenter oriented polypropylene (OPP) film process TD stretching is usually the
most critical step when stretch ratio, rate and contour are constant. At low D
oven temperature the film is too strong t6 be stretched evenly and it breaks. At
high TD oven temperature, the film is too soft and weak to withstand strctchmg, it
10 tends to sag leadirrg to poorly formed film or breakage. So there is a desirable
temperature range (processability range) to achieve uniform and good quality
film. A preferred resin provides a greater -processability range. The data for
Sampies 9 and 2B are shown in Figure 5. The processabiiity range for the
invention polymer, Sample 2B, is substantially broader than for the ZN control,
15 ~ Sample 9. For example, at a processing quality index that provides a
processability range of 15°C (174-189°C) for Smnple 9, the corresponding
processabrhty range for Sample 2B is 28°C (150-178°C). The invention polymer

provides no only greater processing latitude, but also the capability to operate at
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significantly lower TD oven temperatures. This indicates advaptagesi- of lower
‘ ‘. o energy input and higher line speed potential.

,‘ " This superior stretching performance over a wide range of strain rates and
5 - temperature is a key attribute of the invention polymers. It translates to a broader
| biaxially oriented film processabllrty range versus today s best ZN propylene
. : polymers and versus single - metallocene-catalyzed propylene polymers. Thrs‘
’ processmg advantage is accompamed by a good profile of ﬁlm properties.

10 Samples 10-18. Samples 10 through 18, data for which is represented in Tables"

L 7A-12, is drscussed below and exemplify the case of having a dudl metallocene
used to form a crystalline propylene polymer that 1s an RCP.

R 1 Samples 10 and 11 are propylene polymers from the dual‘ metallocene

s ~ combination, consistent.with this invention. These are compared against several

" metallocene-based and conventional ZN  based polypropylene polymers as

follows. Samples 12 and 13 were prepared from single metallocene catalyst

(MCN), the former being a homopolymer and the latter a copolymer, with

ethylene the comonomer. Samples 14 and 15 were also prepored from a single

20 metallocene catalyst, again the former being a homopolymer and the later an

ethylene copolymer. ACHIEVE 3854 (ExxonMobil Chemical Company, Houston

TX) is a commercial example of Sample 14. Sample 16 is a homopolymer

produced from the dual metallocene combination. Samples 17 and 18 are

commercial ZN propylene polymers. Polypropylene 901_2E1 (ExxonMobil.

25 Chemical Company, Houston TX) is a commercial example of Sample 17, while

N polypropylene 9302E1 (also from ExxonMobil Chemlcal Company)

commercial example of Sample 18.

The invention examples, Samples 10 and 11, were prepared using a
30 catalyst system comprising an equimolar mix of two metallocenes on a silica
support. The catalyst system was prepared as follows. In an inert nitrogen

atmosphere, 531 g of rac-dimethylsilanedyl-bis(2-methylindenyl)zirconium
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dlCthI‘lde was combined with 6.85 g of rac- dimethylsilanedyl-bis(z-methyl-4-
phenyllndenyl)zxrconlum dichloride and 732.1 g of 30 wt% methylalumoxane
SOIution in toluene (Albemarle Corporatlon Baton Rouge, LA). 2222 g of toluene
‘was added to dilute the solutlon Separately, 798 g of MS 948 silica (25 pm
average particle size; 1.6 mL/g pare volume; Davison Chemical division of W.R.

. Grace, Baltimore, MD) previously dehydrated to 600 °C in a stream of ﬂowmg :

' mtrogen ‘was charged to the catalyst preparat}on vessel A toluene solution of

Kemamxde'rM AS 990 (8 g of AS 990 in 80 g toluene, C.K. Witco Corporanon,

g Greenwich, CT) was added to“the slurry before drying. A slight nitrogen purge

was added to the bottom of the vessel to aid in removing volatiles. At the end of
drying, 972.5 g of free flowing solid was obtained. Analysis showed a loading of -
10.2 wt% Al 0.20 wi% Zr and an Al/Zr molar ratip of 175. :

Several batches of the catalyst system ‘were combmed to prov1de sufﬁcnent
charge for the polymerlzatlon runs. The catalyst system ‘was oil slurried (20 parts
by weight catalyst to 80 parts by weight Drakeol™ mineral oil (Penreco,

Dickinson TX) for ease of addition to the reactor.

Sample 10 was polymerlzed as follows The polymerizafion was
conducted in a pilot scale continuous stirred tank, bulk liquid phase '
polymerization process employing two reactors in series. The reactors were
equipped with jackets for removing the heat of polymerization. The reactor
temperatures were set at 64 °C in the first reactor and 59 °C in the second reactor. -
Catalyst was fed at an estimated rate of 4.89 g/hr. A 2 wt% solunon of
triethylaluminum (TEAL) in hexane was employed as a scavenger ‘and added at a
level of 15 .mppm, Propylene was fed at a rate of about 89 kg/hr to. the first
reactor and about 27 kg/hr to the second reactor. Ethylene comonomer Was added
to both reactors at a feed rate as needed to result in an incorporation level of 0.9

wi%. Hydrogen was used for molecular weight control and added at a level of 525
mppm to the first reactor and 325 mppm to the second reactor. Residence times
were about 2.6 hr in the first reactor and about 1.8 hr in the second reactor. The

production rate was: about 25 kg/hr. The polymer was discharged from the

BNSDOCID: <WO_0.2070572A2_I_>



WO 02/070572 o | L o PCT/US02/02379
.-47-|_ o

reactors as a granular product: havmg an MF R of about 2.6 dg/min and ethy]ene

- level of about 0.9 wt% based on the total werght of the polymer

| The copo]ymer Sample ll was prepared using the same catalyst system :

5 and polymerrzatlon procedure as descrrbed above for Sample 10. The pnmary- |

difference was an mcreased ethylene comonomer feed level, resultmg in a final .

vmcorporatron of 1.6 wt% ethylene derrved \units. The discharged granular product

" had an MFR (23°C) of about 3.4 dg/mm v '

0 ' Sample 16, a homopolymer product was prepared usmg the same catalyst

and polymerrzatron method as descrrbed above for Samples 10 and 11. . The

polymerrzatron did not involve ' any ethylene ~comonomer, The, dlscharged
granular product had an MFR of about 4.4 dg/mrm . |

15 Samples 12 and 13, homopolymer and ethylene copolymer respectlvely, :
were polymerxzed usmg the . single metallocene rac-drmethylsrlanedyl b1s(2-
methyl-4-phenylmdenyl)zrrcomum drmethyl The catalyst systems were prepared
usrng generally similar procedures to that descnbed above for Samples 10 and 11.
Specrﬁcally, the catalyst for homopolymer Sample 12 involved the use of Davison

20 silica D- 952 (25 pum average particle size) as support tris(perfluorophenyl)boron
as cocatalyst, N,N-diethylaniline = as the Lewis base, and

phenyldlmethylvinylsilane as a promoter, as disclosed in U.S. 6,143,686.

The catalyst was prepared in 0.5 kg batches in a nitrogen purged dry glove

25 box per the folloyving scheme. Tris(perﬂuorophenyl)boron in toluene is added to
previously dehydrated silica and mixed well with N,N-diethylaniline added via
syringe.  Stirring continued while triethylaluminum (TEAL) was  added.
Metallocene rac-dimethylsilanediyl-bis(2-methyl-4-phenylindenyl) zirconium
dichloride plus the promoter, phenyldlmethylvinylsilane, were added and the

30 reaction mixture held with continuous stirring for an additional hour. The solvent

was removed and catalyst dried via nitrogen purging at 50°C.
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- The reaction sequence shown above is' cntical to obtaining good activity
from _the, resulting catalyst. Characterrzatron of the catalyst gave the following

composition: 0026 mmole. Zr/g SiO; 0. 11 mmole B/g SiO,; 0.11 mimole.

' phenyldrmethylvmylsrlane promoter/g SlOz, nd 0.57 mmole TEAL/g Sle

10

15

20

25

30

Homopolymer Sarnple 12 was polymerized as follows. The -

polymerrzatron was conducted in a pllot sCale, contmuous stirred tank, bulk quurd :

phase polymenzanon process employmg two reactors in serres The reactors were L

'equrpped with jackets for removmg .the heat ' of polymenzatlon The reactor

temperatures were 70 °C in the first reactor and, 64 °C in the second reactor.
Catalyst was fed at a rate of about 1.3. g/hr TEAL (2 0 wt% in hexane solvent).

was used as a scavenger and added at a level of 13 mppm. The catalyst system

was fed as a 20 wt% slurry in mmeral orl and was flushed into the first reactor ‘

with propylene. Total propylene feed to the first reactor was about 80 kg/hr

Propylene monomer feed to the second reactor was 30 kg/hr. Hydrogen was’
added for molecular werght control at a rate of 950 mppm to the first reactor and
1450 mppm to the second reactor.* Reactor resrdence time were 2.6 hr in the frrst
reactor and 1.8 hr in the second reactor. Overall polymer production was about 30
kg/hr About 69 % of the final polymer product was obtained from the first
reactor and about 31 % from the second reactor. Polymer was dlscharged as a
granular product of about 1100 um average partrcle size. The MFR (at 230 °C)

was about 3.3 dg/min.

Ethylene copolymer Sample 13 was polymerized on the same pilot line
equipment used for Sample 12 above. The reactor temperatures were 64°C in the
first reactor and 59°C in the second reactor. Catalyst was fed at a rate of about 0.9
g/hr. TEAL (2.0 wt% in hexane solvent) was used as a scavenger and added at a
level of 15 mppm. Total propylene feed to the first reactor was about 80 kg/hr.
Propylene monomer feed to the second reactor was about 30 kg/hr. Hydrogen was
added at a rate of about 580 mppm to the first reactor and about 1075 mppm to the
second reactor. . Ethylene comonomer feed rates were about 1.4 kg/hr to the first

reactor and about 0.4 kg/hr to the second reactor. The ethylene incorporation

BNSDOCID* <WO__02070572A2_I_>



WO 02/070572 ' ,  PCT/US02/02379

20

25

30

49 | -

]evel in the polymer was determined as 1 .26 wt% in the first reactor and 1.16 wt% | :

in the second reactor. Overal] polymer production was about 25 kg/hr. About

: 75% of the final polymer product was obtamed from the first reactor and about

. 25% from the second reactor Reactor resxdence times were 2.6 hr in the. first

reactor and 1.8 hr in the second reactor. Polymer was discharged as a granular

product of about 4.3 MFR (at 230 °C). The average particle size was about 1400

Cooolymer Sample 15 was polymeriied using the single metallocene

| ‘dimethylsilanediyl- -bis(2-methyl-indenyl) zirconium dichloride. The catalyst was

prepared as follows. In an inert nitrogen atmosphere, 25.3 g of rac-

d1methyl51lanedylbns(2-methyl-indeny])zirconium dichloride from Albemarle was

., combined with 2.24 kg of 30 wt% methylalumoxane in toluene solution also from
Albemarle. After 1 hour mixing to dissolve the metallocene, the solution was

 transferred to a conical Hosokawa dryer. The lines were flushed with 5.5 kg of |

toluene. Then, with the Hosakéwa agitator screw rotating at 60 rpm and the alrm'
at 1.5 rpm, 2.4 kg of MS 952 silica from Grace Davison, previously dehydrated at
600°C, was added. 1.1 kg of toluene was used to rinse the feed port and upper

section of the conical dryer. After 30 minutes agitation, the dryer jacket was

heated to 49°C and vacuum started while a slow stream of nitrogen entered from
the bottom of the dryer. When the mixture entered the mud stage, the dryer jacket
temperature was increased to 79°C. Drying continued until a free flowing catalyst

solid was obtained.

The polymerization of copolymer Sample 15 was conducted on the same
pilot scale, two-‘reactors-in-serie_s line, referenced above. ~ The reactor
tomperatures were 64°C in the first reactor and 59°C in the second reactor.
Catalyst was fed at a rate of 4.8 g/hr. TEAL (2 wt% in hexane solvent) was used
aé a scavenger and added at a level of about 16 mppm. Total propylerxe feed to
the first reactor was about 80 kg/hr. Propylene monomer feed to the second
reactor was about 36 Kg/hr. Ethylene comonomer flow to the first reactor was
0.38 kg/hr (0.40 % concentration in the gas phase) and 0.22 kg/hr to the second
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reactor 0.45 % concentratlon in the gas phase) Hydrogen was added: for
molecular ‘weight control at a level of 527. mppm at the first reactor and 729

mppm at the second reactor. Overall polymer productlon was 46.8 kg/hr. About.

60 % of the ﬁnal product was. obtamed from the first reactor and about 40 % from -

the second reactor Reactor resrdence tlmes were 2.5 hr in the first reactor and 1 7
hr in the second reactor. Polymer was drscharged as a granular product of about -
650 pm average pamcle size.” The MFR (230 °C) was about 25 and ethylene :

mcorporatlon was measured as about 0.8 wt% Co
Companson of polypropylene resms from, ‘Samples 10 18 are lrsted in .
Table 7A and 7B. . Using individual smgle metallocenes the smgle-srte_

metallocene catalyzed propylene homopolymers (Samples 12 and 14) and

ethylene-propylene copolymers (Samples 13 and 15) are characterized by their. '

narrow MWD, narrow CD; and low solvent extractables It is of note that the: two ”
metallocene systems drffer in the extent of hydrogen and ethylene comonomer‘
responses and therefor under the sarm: polymerlzatlon condmons produce
polymers with dlfferent levels of mo]ecular weight and comonomer content.
When combmmg these two metallocene catalysts in the process of propylene
homopolymerxzauon, homopolymers (Sample 16) with broad MWD as a result of
different MW capability from constituent catalysts- are produced. Itis noted from
the data in Tables 7A and 7B that the MWD and polydrsper51ty indices are only

marginally higher than those from the md1v1dual components.

What is unexpected in one embodlment of the invention, as demonstrated
in this invention in Samples 1, 2A, 2B, 10 and 11 is the significant MWD
broadening by copolymerizing ethylene comonomer wnh the mixed metallocenes
(each metallocene used is chemically distinct). This is indicated quantitatively by
the larger Mz values for these invention Samples relative to the comparative
examples as shown in the tables. The Mz value is the higher average molecular
weight value, and its calculation is common, as discussed by A.R. Cooper in
CONCISE ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING 638-39 (J.I.

Kroschwitz, ed., John Wiley & Sons 1990), which in the present invention is a
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.measure of the degree of molecular weight broadening towards higher molecular

weights. This is due to the combmed MWs of the polymers generated by the two

stages- of the polymerlzatlon process, wherein one metallocene generates a

| ;polymer of higher MW, and/or broader MW. In particular, the 4-phenyl- l—mdenyl

substituted metallocenes increase the MWs and creates the high Mz values.

Values for Mn, Mw and Mz are ih Tables 1B and 7B for Samples 1-18.

The substantial molecular weight broadenmg toward the higher molecular

measurement of recoverable compliance, the value for which is well known to

track the high molecular welght end species of the distribution. The data (F 1gures

1 and 2) show the values for recoverable compliance to increase from 1.1 x 104

' ,mventlon polymers Samples 1, 2A and 2B (two metallocenes, TCRs) The

recoverable compliance in Samples 10 and 11 are, respectively, 3.6 and 4.3 x _]O4
Pa’!.

GPC comparison of the MWD of the invention polymers versus other
polymers is shown in Figure 6 for the RPC embodiment. Although a two-reactor
process was employed in the production of Samples-10 and ll an indication of

broad and bimodal MWD polymer was already produced in the first reactor.

o wexght end of the distribution for the mventnon polymers can be seen in the

Pa for Sample 4 (smgle metallocene, homopolymer) to 3.6 x 10‘1 Pa’! for Sample

3 (two metallocenes, homopolymer) to greater than or equal to 3.9 x 104 Pa! for

Figure 7 shows the MWD of polymers discharged at various stages of

polymerization, and reflects the high Mz values of the polymers of the present

invention.

The invention RCPs (Samples 10 and 11) also display a relatlvely broad
CD as opposed to the inherent narrow CD of single-site metallocene catalyzed
copolymers (Samples 13 and 15), as exemplified in Figure 8. Although the same
level of CD broadening may be achieved with conventional ZN catalysts, the
valued attributes of both broad CD and low extractables from the invention

polymers affords advantages in many applxcauons whnch require good cleanhness
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A L less volatile fume, less thermal oxidation breakdown, improved reeyclability, and
other. attributes. | |
Funher CD analy51s of the invention RCP Sample 10 was conducted by a
5 preparative temperature rising elution fractionation (TREF) technique in the
i temperature range of room temperature to 100°C The fractions obtained from
o different'.ranges of elution temperature’ were' selected ’ for "*C-NMR and GPC
. ..‘ chaféctefizatxons The '*C-NMR results shown in Table 8 suggest' that the
R fracnonanon takes place- according to the defect structures (stereo or regio types of .
Co L 10 . defect) and the level of comonomer mcorporatmn Itis apparent that fraction-3
| o _ polymer, whlch elutes ‘at the highest temperature range, has minimum- chain
disruptions and the lowest level of comonomer incorporation relative to the other

~ two fractions.

15 - The details of MW and MWD of each fraction are shown in Flgure 9 The
fractnon-3 polymer has both MW and MWD higher than those of fraction-1 and -
2. The above results show that the invention polymer has a polymer comprising:
(1) a high MW and broad MWD component with a relatively lower level of
comonomer incorporation; (2) a moderate MW and narrow MWD component

20 with a moderate level of comonomer mcorporatlon, and (3) a low MW and broad |

MWD component with a high level of comonomer incorporation.

For many product applications that require the synergistic benefits of
processability and property balance, the invention method provides the advantage
25 of in-situ production of polymers to meet these demands. For example, in molded
parts and . film products the stiffness and dart-puncture resistance balance are
always desirable, and the invention preparation offers reactor made polymers to

achieve these end properties.

30 ' One _of the advantages of this invention is that, despite the substantial level
of MWD and CD broadening, the hexane extractables for the invention polymers

are still below 0.3 wt%, which is substantially lower than for ZN polymers. In
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one embodlment ‘the hexane extractables is. ]ess than 3 wt%, in another
embodlment less than 2 W%, and in .yet another embodiment the hexane
extractable is less than 1 wt%. - . S

The MWD broadening from thei mventmn polymer beneﬁts the rheologrcal
properues in terms of higher melt: strength at low shear rate and improved shear

thinning at high shear rate, as exemphﬁed in Frgure 10. In many fabrication

processes, such as thermoformmg, castmg, blowmg, spinning, stretchmg, etc.,

high melt strength is desirable to mmgate any, potentral instability or saggmg of

fabricated parts at the molten stage. 'The, greater shear thinning at mcreased shear
rate helps to reduce extruder torque in the extrusmn and i improve mold flow and

cycle times in the molding process. .

Cast films were prepared from Samples 10 11, 13 and 17 using the“ c

following operations. Cast monolayer films were fabricated on a Kllllon cast film

line. This line has three 24:1 L/D extruders ("A" extruder at 2.54 cm dlameter _
"B" extruder at 1.91 cm diameter; and "C" extruder at 1.91 cm drameter), which
feed polymer into a feedblock. For monolayer cast film production, polymer was
fed only into' "A" extruder. The’ feedblock diverts molten polymer from the
extruder to a 20.32 cm wide Cloeren die. Molten polymer exits the die and Is cast

on a chill roll (20.3 cm diameter, 25.4 cm roll face). The casting unit is eqmpped

with adjustable winding speeds to obtam film of the targeted thickness. Operatmg

conditions are in Table 9.

Cast film properties, at film thickness of 102 um (4 mil) and 38 pm (1.5
mil), are reported in Tables 10A and 10B, respectively. Data show that cast films
from the invention polymers have an attractive balance of stiffness (1% secant
modulus) and toughness (puncture and dart impact resistance). Specifically, the
film stiffness from the invention polymer (Samples 10 and 11) is higher than that
of the narrow MWD metallocene propylene copolymer (Sample 13) and the broad
MWD ZN copolymer (Sample 17).  With additional ethylene comonomer in
Sample 11 than in Sample 10, the dart impact strength of Sample 11 is greatly
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1mproved ‘and exceeds that of the controls (Sainplk-:s 13 and 17). Other important
film propertres of the mventron polymer mclude optlcals (haze and gloss),

moisture barrier (WVTR) and heat sealmg strength whlch are all comparable or.

“improvements Qver the ‘prior art ﬁlms‘ “The low. tear slrength when combined

10

20

25

30

with the good toughness of the 1nventron polymers‘could be desirable in .specralty

applrcatrons where "easy tear isa beneﬁcral attribute.

' Shrmk ﬁlms were prepared from Samples 11 (mventron polymer) and 18 . i

_usmg the following 0peratrons Cast monolayer sheet typically. 508 pm (20 mrl)
thrckness was fabrrcated on a Krlhon cast film'* lme using procedures similar to
that descrrbed above. For monolayer sheet productron, the same polymer was fed
into all three extruders. 'The feedblock drverts molten polymer from each extruder
to specific channels. From the channels the combmed streams of molten polymer '
enter to the casting die. Molten polymer exrts the die and is cast on the chill roll |
to form a thick sheet. Operatmg condmons used for preparmg cast sheets are‘
shown- in Table . ' '
Followmg the productron of cast sheets,,5.08 cm x 5.08 cm squares of the
sheets were stretched (to 6 x 6 along MD X TD) using a T.M. Long stretchmg
machine. To produce clear, good quality films, the stretching temperatures of
141°C and 138°C were selected for Samples 11 and 18, respectively. Data of film
properties are shown in Table 12. Shnnk film from the invention polymer
displays a favorable balance of properties, 1ncludmg WVTR, stiffness (1% secant. |
modulus), tensile strength, and shrink tensron Shrink tension relates to the force
that the final shrink packaging applies on the package contents at a given
packaging temperature. - Generally, a high shrink tensmn force (but below the
force level where damage or deformation is inflicted on the package contents) is
highly desirable to provide a taut, crisp packaging that secures the package

contents as well as provides an appealing presentation.

Although the Examples in this invention deal primarily with films, it will

be mstantly recognized that the attributes of the mventron polymers will lend

BNSDOCID <WO__02070572A2_1_>
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'_,,' ‘ " thémse-]ves to use in other end-application areas as well. For example, in
‘ o ) thennoformmg and blow molding, the increased melt strength derived from the
broademng of distribution to the high molecuiar weight end, coupled w1th the

| easier orientability at ]ower temperatures should result in performance benefits

5 ,, versus single metallocene-catalyzed propylene polymers..

All priority documents are herein fully. mcorporated by reference for all
_]unsdxctlons in which such incorporation is permitted. Further, all documents
S cxted herein, mcludmg testing procedures, are herein fully incorporated by _

+ 10 reference for all Jurisdictions in which such i incorporation is permntted..
o o

! . . ) '
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Claims
We claim:

5
10 2.
3.

15
4,
5.

20
: 6
25 7.
8.

30
9.

3NSDOCID: <WO__02070572A2_1_>

A crystalline isotactic propylene polymer comprising from 0.05 to 15 wt%
comonomer units based on the total weight of the polymer, wherein the
molecular weight distriBution of the polymer is characterized as being
bimodal, the propylene having a Mz value of from 400,000 to 2,000,000
and a MWD value of less than 3.0.

The polymer of Claim 1, wherein the Mn value of the polymer is from
90,000 to 120,000.

The polymer of Claim 1, wherein the hexane extractables level of the
polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

The polymer of Claim 1, wherein the hexane extractables level of the
polymer is less than 3 wt% as measured by 21 CFR 177.1 520(d)(3)(ii).

The polymer of Claim 1, wherein the comonomer wt% is in the range of
from 0.1 to 10.0.

- ; The polymer of Claim.1, wherein, the comonemer wt% is in the range of

from 0.5 to 5.0.

The polymer of Claim 1, wherein the Mz value is from SQO,QOO to

1,500,000 molecular weight units.

The polymer of Claim 1, wherein the Mz value is from 600,000 to 800,000

molecular weight units.

A crystalline propylene polymer comprising from 0.05 to 15 wt%

comonomer units based on the total weight of the polymer, wherein the
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polymer is generated from at least two polymerization steps conducted in
the presence of a catalyst system comprising at least two different
metallocene catalysts, and wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the propylene having a Mz

5 value of from 400,000 to 2,000,000.

10. The polymer of Claim 9, wherein the metallocene catalyst system

comprises two metallocenes each independently represented by the

formula:
10
10
(R,
89
R°R )m
RS 5
R1\ R6 YU
R,
R CRERY)_
10
(R19),, |
R, RS . wherein M is selected from -the ‘group -consisting of titanium, -
zirconium, hafnium, vanadium niobium, tantalum, chromium,
molybdenum and tungsten;

15 R] and R2 are identical or different, are one of a hydrogen atom, a
C1-Cy0 alkyl group, preferably a C1-C3 alkyl group, a C1-Cyo alkoxy
group, a Cg-Cyq aryl group, a Cg-C10 aryloxy group, a Cp-Cyp alkenyl
group, a Cp-C4 alkenyl group, a C7-C4¢ arylalkyl group, a C7-C40
alkylaryl group, a Cg-C40 arylalkenyl group, or a halogen atom;

20 R3 and R4 are hydrogen atoms;

RS and RO are identical or different, and are one of a halogen atom,
a C1-Cjg alkyl group which may be halogenated, a Cg-C10 aryl group
which may be halogenated, a C3-Cjq alkenyl group, a C7-C4 -arylalkyl
group, a C7-C4g alkylaryl group, a Cg-C40 arylatkenyl group, a -NRj15, -

BNSDOCID' <WO__02070572A2_1_>
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SR15, .ORI5, -OSiR315 or -PR,15 radical, wherein R15 is one of a
halogen atom, a C}-Cj g alkyl group, or a C6-C10 aryl group;

R7 is
R11 R11 R11 R11
| | |
_M2 — —_ M2 — M2 — _M2 — (CR213)—— ,
R12 |:lg12 ;,Q12 o ;L12
rR11 R11 R11
| | |
—0—M —0—, —C— , —0—mMm2 —
F|z12 ,L12 ,L12

-BR!1)-, -AlR1)., -Ge-, -Sn-, -O-, -S-, -SO-, -S02-, -N(R11)- -co-,. -
P(R11)-, or -P(O)R11)-;

wherein R11, R12 and RI3 are identical or different and are a
hydrogen atom, a halogen atom, a C1-Cy0 alkyl group, a C1-Cyo
fluoroalkyl group, a Ce6-C30 aryl group, a Cg-C3¢ fluoroaryl group, a Ci-
C20 alkoxy group, a C5-Cy( alkenyl group, a C7-Cy4 arylalky!l group, a
Cg-C4 arylalkenyl group, a C7-Cy4y alkylaryl group, or R11 and R12, or
Rl and R13, together with the atoms binding them., can form ring
systems; ‘
M2 is silicon, germanium or tin;

R8 and R are identical or different and have the meanings stated
forR11 ;

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R1 1, R12 and r13 and two adjacent R10 radicals can be joined
together to form a ring system.

The polymer of Claim 9, wherein the metallocene is selected from the

group consisting of:



WO 02/070572 PCT/US02/02379
74

dimethylsilandiylbis(Z-methylindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1 -indenyl) zirconium dichloride,
dimethylsi]andiylbis(2,4-dimethylindenyl) zirconium dichloride,
dimethy]silandiylbis(2,5,6-trimethylindenyl) zirconium dichloride,

5 dimethylsilandiylbis indenyl zirconium dichloride,
dimethylsilandiylbis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2-methyl—4,5-benzoir1_dényl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-l-indenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl—4,5-benzoindenyl) zirconium dimethyl,

10 dimethylsi]andiylbis(2-methyl-4,6-diisopr6pylindenyl) zirconium
dimethyl, ;
d1methyls:landlylbls(Z-ethyl -4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis (2- -ethyl-4-naphthyl-1- indenyl) zirconium dimethyl,
phenyl(methyl)sxlandxylbls(2-methyl -4-phenyl-1-indenyl) zirconium

15 dimethyl,
dimethylsilandiylbis(2- -methyl-4-(1- naphthyl) 1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(2-naphthyl)— 1-indenyl) zirconium
dimethyl, and

20 dimethylsilandiylbis(2-methy1-indenyl) zirconium dimethyl, and mixtures

;h_e_reof,

P -
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12. The polymer of Claim 9, wherein the hexane extractables level of the
polymer is less than 3 wt% as measured by 21 CFR 177.1 520(d)(3)(i1).

25
13.  The polymer of Claim 9, wherein the comonomer wt% is in the range of
from 0.1 to 10.0.
14.  The polymer of Claim 9, wherein the Mz value is from 500,000 to

30 1,500,000 molecular weight units.
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The polymer of Claim 9, wherein the Mz value is from 600,000 to 800,000

molecular weight units.

The polymer of Claim 10, wherein one metallocene catalyst is a 4-phenyl-

1-indeny] substituted metallocene catalyst.

A crystalline propylene polymer comprising from 0.05 to 15 wt%
comonomer units based on the total weight of the polymer, wherein the
polymer is generated from at least two polymerization steps conducted in
the presence of a catalyst system comprising at least two different
metallocene catalysts, and wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the polymer having a Mz value

of from 500,000 to 1,500,000 molecular weight units.

The polymer of Claim 17, wherein the metallocene catalyst system
comprises two metallocenes each indepenc}ently represented by the

forr_nula:

(R19),

wherein M is selected from the group consisting of titanium,

zirconium, hafnium, vanadium niobium, tantalum, chromium,
molybdenum and tungsten;
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R! and R2 are identical or different, are one of a hydrogen atom, a
C1-Cjg alky! group, preferably a C-C3 alkyl group, a C1-Cj0 alkoxy
group, a Cg-Cjg ary! group, a C-C10 aryloxy group, a C2-Cjq alkenyl
group, a Cp-C4 alkenyl group, a C7-Cqq arylalkyl group, a C7-C40

5 alkylaryl group, a Cg-C40 arylalkenyl group, or a halogen atom;

R3 and R4 are hydrogen atoms;

RS and R are identical or different, and are one of a halogen atom,
a C1-Cy alkyl group which may be halogenated, a C6-C10 aryl group
which may be halogenated, a C5-C10 alkenyl group, a C7-C4 -arylalkyl

10 group, a C7-C40 alkylaryl group, a Cg-C40 arylalkenyl group, a —NR2] 5, -
‘ SR15, -OR15, -OSiR315 or -PRp13 radical, wherein R!5 is one of a-
L halogen atom, 2 C1-C10 alkyl group, or a C6-C10 aryl group; .
R7 is
.51‘5
‘ R11 r11 RN r11
_2 — , — M2 — M2 — , — M2 — (CR213)——— )
rR12 RrR12 R12 R12
Rr11 rR11 r11
—0—M2—0— : —C— » —O—M2—
e | . R ‘ . ll -
Ri2 7+ - 70TTR12 R12

BR11)-, -AlR11)-, -Ge-, -Sn-, -O-, -S-, -SO-, -802-, NR!)-, -CO-, -
PR11)-, or -PO)RI)-;

20 wherein R“, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a C1-Coo alkyl group, a Ci1-C20
fluoroalkyl group, a Cg-C3 aryl group, a Cg-C3 fluoroaryl group, a Ci-
Ch( alkoxy group, a Cy-Cy alkenyl group, a C7-C4 arylalkyl group, a
Cg-C40 arylalkenyl group, a C7-Cy40 alkylaryl group, or R!1 and R12, or

25 R1! and R13, together with the atoms binding them, can form ring
systems;

M2 is silicon, germanium or tin;

BNSDOCID <WO__02070572A2_1_>
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R® and RY are identical or different and have the meanings stated
for R1 l;

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined
together to form a ring system.

The polymer of Claim 17, wherein the metallocene is selected from the
group consisting of:

dimethylsilandiylbis(2-methylindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dichloride,
dimethylsilandiylbis(2,4-dimethylindenyl) zirconium dichloride,
dimethylsi]andiylbis(2,5,6-trimethylindenyl) zirconium dichloride,
dimethylsilandiylbis indeny] zirconium dichloride,
dimethylsilandiy]bis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl,
dimethylsilandiylbis(Z—methy]-4,6-diisopropylindenyl) zirconium
dimethyl,

dimethylsilandiylbis(2-ethyl-4-phenyl-1 -indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-cthyl-4-naphthyl-1-indenyl) zirconium dimethyl,
phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1 -indenyl) zirconium
dimethyl,

dimethylsilandiylbis(2-methyl-4-(1-naphthyl)- 1-indényl) zirconium
dimethyl,

dimethylsilandiylbis(2-methyl—4-(2-naphthyl)-1 -indenyl) zirconium
dimethyl, and

dimethylsilandiy]bis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.
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The polymer of Claim 17, wherein the hexane extractables is less than 3

wt% as measured by 21 CFR 177.1 520(d)(3)(i1).

The polymer of Claim 17, wherein the comonomer wt% is in the range of

from 0.1 to 10.0.

The polymer of Claim 17, wherein the comonomer wt% is in the range

from 0.5t0 5.

The polymer of Claim 18, wherein one metallocene catalyst is a 4-phenyl-

. - 1-indenyl subsiituted metallocene catalyst.

The polymer of Claim 17, wherein the comonomer is present from 0.5 to 5

wi% relative to the total weight of the polymer.
A crystalline isotactic propylene polymer comprising:

a) from 10 to 90 wt% crystalline propylene homopolymer; and
b) from 90 to 10 wt% of a crystalline /propylene copolymer, the
copolymer comprising units derived from propylene and units
derived from at least one Pther c‘omono>mer, wherein the wt% of the
A .co.monox.ne.rb based on t‘h.e- ioigl .v;leigh.ti';o.f fhg polyxher is in the range
of from 0.05 to 15, and wherein the hexar'le extractables level of the
polymer is less than 3 wi% as measured by 21 CFR
177.1520(d)(3)(ii).

The polymer of Claim 25, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(11).

The polymer of Claim 25, wherein the hexane extractables level of the
polymer is less than 1 wt% as measured by 21 CFR 177.1 520(d)(3)(11).



WO 02/070572 - PCT/US02/02379

10

15

20

28.

29.

30.

31.

32.

33.

34.

BNSDOCID: <WO__02070572A2_|_>

79

The polymer of Claim 25, wherein the comonomer wt% is in the range of

from 0.1 to 10.0.

The polymer of Claim 25, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

The polymer of Claim 25, wherein the wi% of the crystalline propylene

homopolymer is in the range of from 20 to 80.

The polymer of Claim 25, wherein the molecular weight distribution is in -

the range of from 2.5 to 7.0. ST L R
The polymer of Claim 25, wherein the homopolymer is isotactic.

The polymer of Claim 25, wherein the polymer is prepared using a

metallocene catalyst system.

The polymer of Claim 25, wherein the metallocene catalyst system
comprises two metallocenes each independently represented by the

formula:
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wherein M is selected from the group consisting of titanium,
zirconium, hafnium,  vanadium piobium, tantalum, chromium,
molybdenum and tungsten;

R1 and R2 are identical or different, are one of a hydrogen atom, a
C1-Cyo alkyl group, preferably a C1-C3 alkyl group, a C1-Cqq alkoxy
group, a Cg-C10 aryl group, a Ce-C1g aryloxy group, a C>-Cy¢ alkenyl
group, a Cp-C4 alkenyl group, a C7-C40 arylalkyl group, a C7-Cyq9
alkylary! group, a Cg-C40 arylalkenyl group, or a halogen atom;

R3 and R4 are hydrogen atoms;

RS and RO are identical or different, and are one of a halogen atom,
a C1-Cj alkyl group which may be halogenated, a Cg-C1g aryl group
which may be halogenated, a C2-Cq9 alkenyl group, a C7-C4 -arylalkyl
group, a C7-C4 alkylaryl group, a Cg-C40 arylalkefmyl éfdup, a -NR215, -
SRr15, -OR15, -OSiR313 or -PR,!5 radical, wherein R15 is one of a
halogen atom, a C1-C1q alkyl group, or a Cg-C10 ary! group;

)
/

R7 is
r11 r11 R11 R
| | |
— M2 — _ M2 — M2 —  — M2 — (CRp13)—
| | |
"R12 RrR12 R12 RrR12
R rR11 . R‘i‘i
| ] |
"—’O"——TIZ—“O‘—- y ——C— —_—0—M2 —
R12 : rluz R12

BRI, -AlRI)-, -Ge-, -Sn-, -O-, -S-, -80-, -S02-, NRI-, -CO-, -
PR11)-, or POYRI);

wherein R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a C1-Cpo alkyl group, a Ci1-Co0
fluoroalkyl group, a Cg-C3q aryl group, a Cg-C30 fluoroaryl group, a Cr-
C»g alkoxy group, a C2-C20 alkenyl group, a C7-C40 arylalkyl group, a
Cg-C4( arylalkenyl group, a C7-Cy40 alkylaryl group, or R11 and R12, or
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RIT_and RI13, together with the atoms binding them, can form ring
systems;
M2 is silicon, germanium or tin;

R8 and RY are identical or different and have the meanings stated

forR11;

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 angd two adjacent R10 radicals can be Jjoined
together to form a ring system.

The polymer of Claim 34, wherein the metallocene system also includes an

activator.

The polymer of Claim 25, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

500,000 to 1,500,000 molecular weight‘units.

The polymer of Claim 25, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

600,000 to 800,000 molecular weight units.

The polymer of Claim 34, wherein at least one metallocene is a 4-phenyl-

1-indeny! substituted metallocene.

A crystalline isotactic propylene polymer comprising:

a) from 10 to 90 wt% isotactic crystalline propylene homopolymer
having a molecular weight distribution of less than 3.0; and

b) from 90 to 10 wt% crystalline propylene copolymer having a
molecular weight distribution of less than 3.0, wherein the wt% of
the comonomer based on the total weight of the polymer is in the

range of from 0.05 to 15, wherein the polymer has a MWD less
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than 3.0, and wherein the hexane extractables level of the polymer
is less than 3 wt% as measured by 21 CFR 177.1520(d)(3)(i1).

40. The polymer of Claim 39, wherein the hexane extractables level of the
5 polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(ii).
41. The polymer of Claim 39, wherein the hexane extractable level of the

polymer is less than 1 wt% as measurgd by 21 CFR 177.1520(d)(3)(ii).

10 42, The polymer of Claim 39, wherein the comonomer wi% is in the range of

, from 0.1 to 10.0.

s

43. The polymer of Claim 39, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

\ 15
44. The polymer of Claim 39, wherein the wt% of the crystalline propylene
homopolymer is in the range of from 20 to 80.
45. The polymer of Claim 39, wherein the molecular weight distribution is in
20 the range of from 2.5 t0 2.9.

46, The polymierof Clait'39, whitrein the honiopolymer is iétactic.

47. The polymer of Claim 39, wherein the polymer is prepared using a
25 metallocene catalyst system.

48. The polymer of Claim 39, wherein the metallocene catalyst system
comprises two metallocenes each independently represented by the
formula:

30
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(R10),

R8R9)

7
R4 CRBRQ)

n

10

(R™)4

wherein M is selected from the group consisting of titanium,
zirconium, hafnium, vanadium niobium, tantalum, chromium,
molybdenum and tungsten;

‘ R! and R2 are identical or different. are one of a hydrogen atom, a
Cj-Cyo alkyl group, preferably a C;-C3 alkyl group, a C1-Cyq alkoxy
group, a Cs-C1q aryl group, a Cg-Cjg aryloxy group, a C3-Cjq alkenyl
group, a C3-C4 alkenyl group, a C7-C4q arylalkyl group, a C7-C4
alkylaryl group, a Cg-C4 arylalkenyl group, or a halogen atom,; )
R3 and R4 are hydrogen atoms;

R5 and RO are identical or different, and are one of a halogen atom,

a C)-Cqq alkyl group which may be halogenated, a Cg-C1q aryl group

which may be halogenated, a C-Cjg alkenyl group, a C7-C4q -arylalkyl

group, a C7-Cy4 alkylaryl group, a Cg-Cy( arylalkenyl rgréilp',-;a -NR215, -
SR15, —OR15, -OSiR315 or -PR215 radical, wherein R15 is one of a
halogen atom, a C1-C1 alkyl group, or a Cg-Cj aryl group;

R7 is
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r11 R11 RrR11 R11
| | |
M2 , M2 M2 , M2 (CR21 3)—
;L12. ;L12 fL12 ,L12

R11 r11 RrR11

| | |

o— M2 0 : C , 0—M2
;L12 |L12 ‘ [L12

B®RI11Y-, -AIR11)-, -Ge-, -Sn-, -O-, -5-, 8O-, -802-, -N(R11)-, -CO-, -
PRID)-, or -PO)RI)-;

wherein R11, R12 and R13 are identicai or different and are a
hydrogen atom, a halogen ‘atom, a C1-Co0 alkyl group, a C1-Cpo
fluoroalky! group, a Cg-C30 aryl group, a C¢-C30 fluoroaryl group; aCq-
Co alkoxy group, a C2-Cp( alkenyl group, a C7-C4 arylalkyl group, a
Cg-Cy4q arylalkenyl group, a C7-C4g alkylaryl group, or R!! and R12, or
R11 and R13, together with the atoms binding them, can form ring
systems;

M2 is silicon, germanium or tin;

RS and R agg:idgntical or different and have the meanings stated
for R11; . S R D _

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined
together to form a ring system.

The polymer of Claim 48, wherein the metallocene system also includes an

activator.
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The polymer of Claim 39, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

500,000 to 1,500,000 molecular weight units.

The polymer of Claim 39, wherein tllze molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from
600,000 to 800,000 molecular weight units.

The polymer of Claim 48, wherein at least one metallocene is a 4-phenyl-

»

1-indenyl substituted metallocene.

A process for preparing a crystalline polypropylene composition

comprising the steps of:

(a) polymerizing prbpylene in one stage;

(b) copolymerizing propylene and a comonomer in a separate stage;
and

(c) recovering crystalline propylene polymer comprising from 0.5 to 8
wt% comonomer units based on the total weight of the polymer,
wherein the polymerization steps (a) and (b) are conducted in the
presence, of  a _met(a]lqc.ene;wc‘g’galys_t‘ system comprising two
different metallocene cataiyst componenfs; and wherein the
molecular weight distribution of the polymer is characterized as
being bimodal, the polymer having a Mz value of from 500,000 to
1,500,000 molecular weight units.

The process of Claim 53, wherein a comonomer is copolymerized with the

propylene in step (a).

The process of Claim 53, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.
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56. The process of Claim 53, wherein the crystalline propylene polymer
comprises from 0.5 to 5 wt% comonomer units based on the total weight

of the polymer.

5 57. The process of Claim 53, wherein the metallocene catalyst system is
comprised of two metallocenes each independently represented by the

formula:

(R'%),,

(R19),

wherein M is selected from the group consisting of titanium, zirconium,
10 hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;
‘ R! and R2 are identical or different, are one of a hydrogen atom, a.
"‘:""“'5“’C1-;Cf o alky¥giotp, prefetably a° Cq-Cz-alkyl: group; a C1-Cqg alkoxy -
- group, a Cg-C1¢ aryl group, a Cg-Cy0 aryloxy group, a C»-Cy¢ alkenyl
15 group, a Cp-C4 alkenyl group, a C7-C40 arylalkyl group, a C7-C40
alkylaryl group, a Cg-C40 arylalkenyl group, or a halogen atom;
R3 and R4 are hydrogen atoms;
- RS and R9 are identical or different, and are one of a halogen atom,
a C1-Cqq alkyl group which may be halogenated, a Cg-Cjq aryl group
20 which may be halogenated, a C2-Cjq alkenyl group, a C7-C4¢ -arylalkyl
group, a C7-C40 alkylaryl group, a Cg-Cg arylalkenyl group, a -NR21 5,-
SR15, -OR15, -0SiR315 or -PRp15 radical, wherein RIS is one of a
halogen atom, a C1-C1 alkyl group, or a Cg-C10 aryl group;
R7is

BNSDOCID: <WO__02070572A2_1_>
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R11 R11 rR11 rR11
| U I
M2 ) M2 M2 , M2 (CRp13)—
,|q12 ,';12 ,L12 - ;lq12

R11 R11 R11

| | o

o—m2 o . c : oO—M2 —
‘l12. - ‘_,L12 | .,L12

-B(R1l)-, -AlR1])., -Ge-, -Sn-, -O-, -S-, -SO-, -SO3-, -NR 11y, -cO-, -
P(R11)- or -P(O)R11):; .

Wherein, R] 1 RI12 apnd RI13 are identical or different and are a
hydrogen atom, a halogen atom, a C1-C20 alkyl group, a C;-Cpq -
fluoroalkyl group, a C-C3 aryl group, a C6-C30 fluoroaryl group, a Cy-
C20 alkoxy group, a Co-Cpq alkenyl group, a C7-Cy4q arylalkyl group, a
Cg-C4g arylalkenyl group, a C7-C4q alkylaryl group, or R11 and R12 or
R11 and R13, together with the atoms binding them, can form ring
systems;

M2 s silicon, germanium or tin;

R8 and R are identical or different and have the meanings stated
for R1!; o -
- m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined
together to form a ring system.

The process of Claim 57, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.

The process of Claim 57, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.
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The process of Claim 53, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from
600,000 to 800,000 molecular weight units.

The process of Claim 53, wherein the metallocene is selected from the
group consisting of:

dimethylsilandiylbis(2-methylindenyl) zirconium dichioride,
dimethylsilandiylbis (2—methyl-4-phenyl-1-jndenyl) zirconium dichloride,
dimethylsilandiylbis(2,4-dimethylindenyl) zirconium dichloride,
dimethylsilandiylbis(Z,5,6—trimethylindenyl) zirconium dichloride,
dimethylsilandiylbis indenyl zirconium dichloride,
dimethylsilandiylbis(4,5,6,7-tetrahydroindeny]) zirconium dichloride,
dimethylsilandiylbis(2—methyl-4,5-benzoindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1 -indenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl,
dimethy1silandiylbis(2—methyl-4,6-diisopropylindeny1) zirconium
dimethyl,

dimethyisilandiylbis(2-ethyl-4-phcnyl-l-indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
p_henyl(methyl)silandiylbis(2-methyl-4-phenyl-1 -indenyl) zirconium
dimethyl, ST .
dimethylsilandiylbis(Z—methyl-4-(1 -naphthyl)-1-indenyl) zirconium
dimethyl,

dimethylsilandiylbis(Z-methyl-'4-(2-naphthyl)-1-indenyl) zirconium
dimethyl, and

dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.

The process of Claim 53, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(i1).
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The process of Claim 53, wherein the hexane extractable level of the
polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

A process for preparing a crystalline polypropylene comprising the steps
of:

(a) polymerizing propylene in a first stage; then

(b) copolymerizing propylene and a comonomer in a second stage in
the presence of the product of the first stage; and

©) recovering crystalline propylene polymer comprising from 0.05 to -
15 wt% comonomer units based on the total weight of the polymer
and wherein the hexane extractables is less than 3 wt% as
measured by 21 CFR 177.]520(d)(3)(ii), and wherein the
polymerization steps (a) and (b) are conducted in the presence of a
metallocene catalyst system comprising two different metallocene

catalyst components.

Thé process of Claim 64, wherein the hexane extractables level of the
polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

The process.of Claim 64, wherein the hexane extractable level of the

polymer is iess than 1 wt% as measured by 21 CFR 177.1 520(dj(35(n).

The process of Claim 64, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

The process of Claims 64, wherein the crystalline propylene polymer
comprises from 0.5 to 8 wt% comonomer units based on the total weight

of the polymer.
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The process of Claim 64, wherein the crystalline propylene polymer
comprises from 0.5 to 5 W% comonomer units based on the total weight

of the polymer.

The process of Claim 64, wherein the metallocene catalyst system is
comprised of two metallocenes each independently represented by the

formula:

10
(R )4

RER%),
R
R~— R Y
R,
R CRERY)
n
(R1 0 )4

wherein M is selected from the group consisting of titanium, zirconium,
hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

R1 and R2 are identical or different, are one of a hydrogen atom, a

group, a Cg-C10 aryl group, a Cg-C10 aryloxy group, a C»-Cq alkenyl
group, a Cp-C4 alkenyl group, a C7-C40 arylalkyl group, a C7-C40
alkylaryl group, a Cg-C40 arylalkenyl group, or a halogen atom; |

R3 and R4 are hydrogen atoms;

RS and R are identical or different, and are one of a halogen atom,
a C1-Cyg alkyl group which may be halogenated, a Cg-C10 aryl group
which may be halogenated, a C2-Cj0 alkenyl group, a C7-C40 -arylalkyl
group, a C7-C4 alkylaryl group, a Cg-C4 arylalkenyl group, a —NR215, -
SR15, -ORI3, -OSiR315 or -PR215 radical, wherein R15 is one of a
halogen atom, a C1-C alkyl group, or a Cg-C10 aryl group;
R7 is
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R11 R11 R RrR11
| o |
— M2 — ., — M2 — 2 » — M2 — (CRp13)— ,
,L1z ,L12 ,lq12 1,212
R11 R11 R11
| l |
0— M2 o y —C— o—m2
R12 . i12 L _'I|212

-BRI11y-, -AlR11)., -Ge-, -Sn-, -O-, -§-, -SO-, -S02-, -N(R11)- .co-, -
P(R!)-, or -P(O)R11);

wherein, R11, R12 and R13 are identical or different and are a
hydrogen atem, a halogen atom, a C1-C20 alkyl group, a Cj-Cp
fluoroalkyl group, a Cg-C3 aryl group, a Ce6-C30 fluoroaryl group, a Cy-
Cog alkoxy group, a Cy-Cp( alkenyl group, a C7-Cy4¢ arylalkyl group, a
Cg-C40 arylalkenyl group, a C7-C4g alkylaryl group, or R11 and R12, or
RII apnd RI13, together with the atoms binding them, can form ring
systems;

M2 s silicon, germanium or tin;

R8 and RY are identical or different and have the meanings stated
forRIl; . | S :

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacenf R10 radicals can be joined

together to form a ring system.

The process of Claim 70, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.

The process of Claim 70, wherein at least one metallocene is a 4-phenyl-1-

indeny! substituted metallocene.
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A process for preparing a crystalline polypropylene comprising the steps

of:

(2)
(b)

(©)

polymerizing propylene in a first stage; then

copolymerizing propylene and a comonomer in a second stage in
the presence of the product of the ﬁrét stage; and

recovering crystalline propylene polymer comprising from 0.05 to
15 wt% comonomer units based on the total weight of the polymer,
wherein the hexane extractables is less than 3 wt% as measured by
21 CFR 177.1520(d)(3)(ii), and wherein the polymerization steps
(a) and (b) are conducted in the presence of a metallocene catalyst
system comprising two different metallocene catalyst components,
and wherein the molecular weight distribution of the polymer is
characterized as being bimédal, having a Mz value of from 500,000

to 1,500,000 molecular weight units.

The process of Claim 73, wherein the hexane extractables level of the
polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

The process of Clalm 73 wherem the hexane extractable level of the

polymer is less than 1 wt% as measured by 21 CFR 177. ]520(d)(3)(11)

The process of Claim 73, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

The process of Claims 73, wherein the crystalline propylene polymer

comprises from 0.5 to 8 wt% comonomer units based on the total weight

of the polymer.
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The process of Claim 73, wherein the crystalline propylene polymer

comprises from 0.5 to 5 wt% comonomer units based on the total weight

of the polymer.

The process of Claim 73, wherein the metallocene catalyst system is
comprised of two metallocenes each independently represented by the

formula:

10
R )4

(
8,9
R8RY)
R3 5 \
R | R® 7

RZ/

4
R— CRERY)

(R19),

wherein M is selected from the group consisting of titanium, zirconium,
hafnium, vanadium niobium, tantalum, chromium, molybdenum and

tungsten;

R! and R2 are identical or different, are one of a hygi'rqgen atom, a _
C1-Cj9 alkyl group, prefeféb]y a C1-C3 alkyl group, a CI‘CIO alkoxy
group, a Cg-Cjq aryl group, a Cg-C]¢ aryloxy group, a C5-C;q alkenyl
group, a Cp-C4 alkenyl group, a C7-C4q arylalkyl group, a C7-C4q
alkylaryl group, a Cg-C4 arylalkenyl group, or a halogen atom; :

R3 and R4 are hydrogen atoms;

RS and RO are identical or different, and are one of a halogen atom,
a C1-Cyq alkyl group which may be halogenated, a Ce-C10 aryl group
which may be halogenated, a C5-Cj alkenyl group, a C7-C4¢ -arylalkyl
group, a C7-Cy4 alkylaryl group, a Cg-Cyq arylalkenyl group, a -NR215, -
SR15, _OR15, -OSiR315 or -PR15 radical, wherein R15 is one of a
halogen atom, a C1-C alkyl group, or a Ce-Cq aryl group;
R7 is
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M2 M2 M2 M2 (CR13)—
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R11 R11 R11
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lnz I R12
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. -BR1D)-, -AlR1)-, -Ge-, -Sn-, -O-, -S-, -SO-, -802-, NRID- -cO-, -

5 P(R11)-, or -P(O)(R11)-;
wherein, R11, R12 and R13 are identical or different and are a

hydrogen atom, -a hélogen atom, a Cj-Cpq alkyl group, a C1-C20

fluoroalkyl group, a Cg-C3( aryl group, a Cg-C3¢ fluoroaryl group, a C1-

C»( alkoxy group, a C2-Cpq alkenyl group, a C7-C4 arylalkyl group, a

10 Cg-Cy arylalkenyl group, a Cq-C4q alkylaryl group, or R!! and R12, or
R11 and RI3, together with the atoms binding them, can form ring

systems;

M2 is silicon, germanium or tin;

b eeatrIe we

s M,

- forRM;

R8 and R9 are identical or different and have the meanings stated

T -

‘s
*002 407 - . I e e - . .
D L — S I .

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined
20 together to form a ring system.

80.  The process of Claim 79, wherein the metallocene catalyst system further—

comprises a porous support material and alkylalumoxane activator.

25 81.

The process of Claim 79, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.

BNSDOCID: <WO__02070572A2_|_>



10

15

20

25

30

WO 02/070572 PCT/US02/02379

82.

83.

84.

85.

87.

RAMASNNCIN: AN ADNTART7IAD | &

-86.

95

The process of Claim 73, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

600,000 to 800,000 molecular weight units.

A process for preparing crystalline isotactic propylene polymer comprising

the steps of:

(a) copolymerizing pfopylene and a comonomer in one stage; and

(b) recovering crystalline propylene polymer comprising from 0.5to 8 -
wi% comonemer units based on the total weight of the polymer;
wherein the polymerization steps (a) and (b) are conducted in the
presence of a metallocene catalyst system comprising two
different metallocene catalyst components, and wherein the
molecular weight distribution of the polymer is characterized as
being bimodal, the polymer having a Mz value of from 400,000 to
2,000,000 molecular weight units.

/
The proéess of Claim 83, wherein a comonomer is copolymerized with the

propylene in step (a).

- B .. P LR L LA SR B
- . .

£4.

The process of Claim 83, wherein the comonomer is selected fiom ihe

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

The process of Claim 83, wherein the crystalline propylene polymer
comprises from 0.5 to 5 wt% comonomer units based on the total weight

of the polymer.

The process of Claim 83, wherein the metallocene catalyst system is
comprised of two metallocenes each independently represented by the

formula:
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wherein M is selected from the group c‘ohs.iéti.r;g of titanium, zirconium,

hafnium, vanadium niobium, tanta_lum,' chromium, molybdenum and

tungsten,; ‘

R! and R2 are identical or different, are one of a hydrogen atom, a

C1-Cjp alkyl group, preferably a C1-C3 alkyl group, a C1-Cjq alkoxy

group, a Cg-C10 aryl group, a Ce-C10 aryloxy group, a C>-Cyg alkenyl

group, a Cp-C4 alkenyl group, a C7-C4q arylalkyl group, a C7-C40
alkylaryl group, a Cg-C40 arylalkenyl group, or a halogen atom;

R3 and R4 are hydrogen atoms;

‘ RS and RO are identical or different, and are one of a halogen atom,

a C1-Cqq alkyl group which may be halogenated, a Cg-Cqq aryl group

_.which may be halogenatzd, -2 Cy-Cj alkenyl group, a Cq-Cyg -arylalkyl

T rigiotp, 4'Cy-Crpalkylaryl group, a C§-Cag-fylalkenyl group;a -NR315, -

SR15, -OR15, -OSiR315 or -PR215 radical, wherein R13 is one of a
halogen atom, a C1-Cj g alkyl group, or a Cg-C10 aryl group;
R7 is h
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R11 R11 RrR11 Rr11
| | |
M2 , M2 M2 , M2 (CRy13)—
,L12 ,l;12 ,L12 ,L12

R11 ’ R11 R11

| | |

o) M2 o) v —¢C , o M2
R12 ,L12 ‘ ;L12

BRI)-, -AlR1)-, -Ge-, -Sir-;-0-, -S-, -SO-, -805-, -N(R11}., -CO-, -
PR!)-, or -POO)R11)-;

wherein, R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cj-Cpq alkyl group, a C1-Coo
fluoroalkyl group, a Cg-C3 aryl group, a Cg-C3¢ fluoroaryl group, a Ci-
C0 alkoxy group, a C-Cyq alkenyl group, a C7'-C40 arylalkyl group, a
Cg-Cy4 arylalkenyl group, a C7-C4q alkylaryl group, or R11 and RI2 or
RI1 and RI3, together with the atoms binding them, can form ring
systems;

M2 s silicon, germanium or tin;

R8 and RY are identical or different and have the meanings stated
for R11;

m and n are identical or different and are zero, 1 or-2, m plis n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined
together to form a ring system.

The process of Claim 87, wherein at least one metallocene is a 4-phenyl-1-

indeny! substituted metallocene.

The process of Claim 83, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.
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The process of Claim 83, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

600,000 to 800,000 molecular weight units.

The process of Claim 87, wherein the metallocene is selected from the
group consisting of:

dimethylsi]andiylbis(2-methy1indenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1 -indenyl) zirconium dichloride,
dimethylsilandiylbis(2,4-dimethy1indeﬁy1) zirconium dichloride,
dimethylsilandiylbis(2,5 _6-trimethylindenyl) zirconium dichloride,

_dimethylsilandiylbis indenyl zirconium dichloride,

dimethylsilandiylbis(4,5,6,7- tetrahydroindenyl) zirconium dlchlonde
d1methy151landlylbls(2-methyl-4,S-benzomdeny]) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl,
dimethy15i1andiylbis(2-methyl—4,6-diisopropylindenyl) zirconium
dimethyl,

dimethy]silandiylbis(2-ethy1-4-phenyl—1 -indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethy1-4-naphthyl-1—indenyl) zirconium dimethyl,
phenyl( methyl)silandiy1bis(2-methyl-4-phenyl- 1-indenyl) zirconium

dimethyl,

dimethylsi1andiylbis(2-methyl-4-(2-naphthyl)-1 -indenyl) zirconium
dimethyl, and

dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.

The process of Claim 83, wherein the hexane extractables of the polymer
is less than 2 wt% as measured by 21 CFR 177.1 520(d)(3)(ii).
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The process of Claim 83,} wherein the hexane extractable level of the

polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

A process for preparing crystalline isotactic propylene polymer comprising

the steps of:

(a) polymerizing propylene and a comonomer in one stage;

(b) copolymerizing propylene and a comonomer in a separate stage;
and

(©) recovering crystalline propylene polymer comprising from 0.5 to 8
wi% comonomer units based on the total weight of the polymer;
wherein the polymerization steps (a) and (b) are conducted in the
presence of a metallocene catalyst system comprising two
different metallocene catalyst components, and wherein the
molecular weight distribution of the polymer is characterized as
being bimodal, the polymer having a Mz value of from 400,000 to
2,000,000 molecular weight units. ’

The process of Claim 94, wherein a comonomer is copolymerized with the

propylene in step (a).

I T

)

The process of Claim 94, wherein the comonomer -is -selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

The process of Claim 94, wherein the crystalline propylene polymer
comprises from 0.5 to 5 wt% comonomer units based on the total weight

of the polymer.

The process of Claim 94, wherein the metallocene catalyst system is
comprised of two metallocenes each independently represented by the

formula:
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wherein M is selected from the group c.onsisting of titanium, zirconium,
‘hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

5 R! and R2 are identical or different, are one of a hydrogen atom, a
C1-Cy¢ alkyl group, preferably a C1-C3 alkyl group, a Cy-Cq0 alkoxy
group, a Cg-Cjg aryl group, a Cg-C10 aryloxy group, a Cy-Cyg alkenyl
group, a C-C4 alkenyl group, a C7-C40 arylalkyl group, a C7-C40
alkylaryl group, a Cg-C40 arylalkenyl group, or a halogen atom;

10 R3 and R4 are hydrogen atoms;
RS and RO are identical or different, and are one of a halogen atom,
a C1-Cq0 alkyl group which may be halogenated, a C¢-C10 aryl group
e : which may be halogenated, a C2-Cj0 alkenyl group, a C7-Cy4q -arvialkyle..
"ot Dpisup,-a C7-Cq( alkylaryl group,a ngcéiﬁai”ylélkenyl..group? a -NR21:5, -
15 SR15, -OR15, -OSiR315 or -PR215 radical, wherein R15 is one of a
halogen atom, a C1-C alkyl group, or a Cg-Cj1 aryl group;
R7is

BNSDOCID: <WO__02070572A2_|_>
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R11 R11 R11 R11
| I |- |
M2 , M2 M2 , M2 (CR213)——- )
,’;12 L12 ,,;12 ;L1§

RrR11 R11 R

| | |

o} M2 o) ' C ) o} M2
R12 ,.!uz ,lq12

-BR1)-, -Al(R11)-, -Ge-, -Sn-, -O-, -S-, -SO-, -S05-, -N(R11)-, -cO-, -
P(R11)-, or -P(O)(R11)-; |

wherein, R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cj-Cpq alkyl group, a C1-Cpg
fluoroalkyl group, a Cg-C3g aryl grbup, a Cg-C3¢ fluoroaryl group, a C1-
C20 alkoxy group, a C3-Caq alkenyl group, a C7-C4 arylalkyl group, a
Cg-C4¢ arylalkenyl group, a C7-C4¢ alkylaryl group, or R11 and R12, or
R11 and RI3, together with the atoms binding them, can form ring
systems;

M2 js silicon, germanium or tin;

R8 and R are identical or different and have the meanings stated
for R11; |

-~ m and n are identicai or.différent and-are zero, 1 or2, m plus n

being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined
together to form a ring system. ' ’

The process of Claim 98, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.

The process of Claim 94, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.
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The process of Claim 94, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

600,000 to 800,000 molecular weight units.

The process of Claim 98, wherein the metallocene is selected from the
group consisting of:

dimethylsilandiylbis(2-methylindenyl) zircohium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dichloride,
dimethylsilandiy]bis(2,4-dimethylin_dényl) zirconium dichloride,
dimethylsilandiy]bis(2,5,6-trimethylindenyl) zirconium dichloride,
dimethylsilandiylbis_indenyl zirconium dichloride,
dimethylsilandiy]bis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2—methy]—4,5-benzoindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethy]si1andiy’lbis(2-§nethyl-4,5-benzoindenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,6-diisopropylindcnyl) zirconium
dimethyl,

dimethylsilandiylbis(2-ethyl-4-phenyl-1 -indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethyl-4-naphthyl-l-indenyl) zirconium dimethyl,
pheny](methyl)silandiylbis( 2-methyl-4-phenyl-1-indenyl) zirconium
dimethyl, _ L
Gifffethylsilindiy1bis(2-fethyl-4:(T-naphthyl)« sndenyl) zirconium < - P
dimethyl,

dimethylsilandiylbis(2-methy1-4-(2-naphthyl)-l -indenyl) zirconium
dimethyl, and

dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.

The process of Claim 94, wherein the hexane extractables of the polymer.

is less than 2 wt% as measured by 21 CFR 177.1 520(d)(3)(11).
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104.  The process of Claim 94, wherein the hexane extractable level of the

polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(ii).
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GPC Molecular Weight Distributions
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Fig. 3
DSC Melting Distributions
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Fig. 4A
Processing Window During Biaxial Stretching
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Fig. 6
GPC Molecular Weight Distribution
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Fig. 8
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